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TELLS THE 
CLINICAL STORY 


Maes is believing in the treatment of 
vascular hypertension. Your own sphyg- 
momanometer shows what Hepvisc can do 
in reducing blood pressure. 


Hepvisc is a synergistic combination of two 
useful hypotensive drugs; namely, hexani- 
trate of mannitol and viscum album extract. 
Clinical studies and also pharmacological 
tests on cats show substantial reductions of 
blood pressure with its use. 


oO 


Hypertensive headaches are relieved by 
Hepvisce. 


ta) 


COMPOSITION 
Each tablet contains & 
mg. hexanitrate of 
mannitol and 50 mg, 
solid extract viscum al- 


bum. 

DOSAGE 
2 tablets three or four 
times daily as needed. 


Supplied in Bottles of 
50-500-1000 tablets. 


AVAILABLE AT ALL DRUG STORES 


Complete Literature and Professional Samples Sent upon Request 
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lie tendency for carcinomas arising 


rtain organs to metastasize widely 
of vascular channels is notori- 

The chief blood 

tumor fragments appear to be 
lungs and the bone marrow'*. In 
metastases 
result in nodular tumor growths, 


Va\ 


recipients of 


hematogenous 


iungs 


illed lymphangitic carcinoma- 
Ol tumor cell emboli which 


me organized as hvaline thrombi 
the final sometimes 


bling arterioscler- 


lesion 
pulmonary 


In the bone marrow. the 
th of neoplastic tissue leads to 
tologic and to skeletal disease. 
ssive anemia with immature 


ocytes and nucleated red blood 
in the circulating blood, or 
mally with hemolytic 
es, thrombopenia, or striking 
vtosis with granulocytic imma- 
suggestive of leukemia are all 
iown syndromes associated with 
stic invasion of the bone mar- 


anemia 


| by grants from the Anna H. Hanes Fund and the 


4,5,17,18,27,28,30 


row 31.34. The well vascu- 
larized bones that contain red marrow 
are those predominantly affected by 
tumor metastases*°. Lesions range from 
focal areas of disease to generalized 
skeletal with varying 
amounts of bone destruction and pro- 
liferation. 

The possibility of recognizing tumor 
metastases in the bone marrow by 
sternal puncture was first investigated 
by Rohr and Hegglin®?**. In 75 
patients with malignant tumors, 13 
with proven bone metastases from 
bronchial, gastric, prostatic carcinomas 
or elsewhere, 11 were found to have 
tumor cells in films made from aspir- 
ated bone marrow. They divided the 
tumor cell types into small and large 
cell varieties. The former generally 
arose, they thought, from bronchial 
neoplasms and the latter from stomach 
or prostate. The tumor cells had no 
features by which the site of the pri- 
mary tumor could be distinguished 


devastation 


Duke University Research Council. 
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with certainty. The demonstration of 
metastatic tumor cells by bone marrow 
aspiration was subsequently confirmed 
by many 
The frequency of positive findings 


increased after Henning® suggested 
using bones other than the sternum 
and choosing the site for aspiration by 
nodules, 


the presence of tumor 


roentgen abnormalities, or areas of 
bone pain in the ribs, spinous pro- 
skull, and_ others. 


reported a very thorough 


cesses, ilium, 


Franke® 


study of a group of 134 patients with 


malignant neoplasms in whom _ bone’ 


marrow was obtained in this manner. 
Implants were found in the marrow of 
20 of the 42 patients who had 
Roentgen-ray or pathologic evidence of 
bone metastases. 

New developments in the chemo- 
therapy of neoplasms, as well as the 
scant attention which English speaking 
authors apparently have 
above findings, made another study of 
tumor bone 
appear worthwhile**. We have now 
made hematologic studies in 102 
patients with various types of ma- 
lignancies which had spread locally 
or produced distant metastases. Cellu- 
lar implants diagnostic of metastatic 
tumor were found in 44. The present 
report deals with the 30 patients in 
this group who had carcinoma of the 
prostate gland. Neoplastic cells were 
demonstrated in the sternal marrow 
of 15 patients, and in the pelvic bones 
of two others. Marrow implants were 
occasionally demonstrated where there 
was no other evidence of metastasis. 
Anemia occurred in over half of the 
patients, and largely among those with 
metastases in whom it was related to 


given the 


metastases in marrow 


the degree of marrow infiltration. Fol- 
lowing castration and estrogen therapy 
amelioration of the anemia occurred in 
parallel with demonstrable regression 
of tumor infiltration in the bone mar- 
row. 


Technical Procedures. Bone marrow 
routinely aspirated from the sternum wit 
No. 16 or No. 18 needle and films prepa 
directly from the tip of the needle on c 
slips. When the sternal marrow was no! 
and metastases were suspected in dee 
situated bones, about the acetabulum, ver 
bral bodies and elsewhere, a long No 
spinal needle was implanted and its cor 
position verified by Roentgen-ray films bet 
aspiration®.-% Often in bone marrows \ 
neoplastic infiltration no more than a drop 
two of sanguinous material could be obtair 
even with strong suction and rotation of 
needle. When aspiration was unsatisfacto1 
needle trephine ‘2 was used to remove a « 
of tissue after which the aspiration was 
peated. The solid tissue obtained was fixe 
Zenker’s acetic acid dichromate solution 
bedded in paraffin, sectioned and stained w 
Wright's, Giemsa’s and routine stains. Bl 
and marrow films were stained with a buff 
Wright's stain 

Illustrative Case Reports. Case 1. W.D.\W 
B-93359, a 68-vear old Negro farmer 
first seen at Duke Hospital on November 
1946, complaining of weakness, severe 
stipation and “aching in his bones.” An 
usual degree of constipation developed 4 
5 vears previously, became progress! 
worse, and for 4 or 5 months was nearly 
tractable His desire for food slackened 
when he did eat he suffered lower abdor 
nain. He lost weight finally to the amour 
50 pounds. During his last weeks at h 
he was confined to bed by weakness and 
stant aching in his arms, chest, and low | 
Physical examination showed him to 
chronically ill, colored 
There were no palpable tumor masses 


thin, senile 


superficial lymph nodes were not en! 
There was moderately severe tendern 
pressure over the sternum. No abdor 
organs or masses were palpable. By rect 
amination there was no palpable tumor 
on sigmoidoscopy there was no visibl 
normaltv in the lower bowel. The pr 
sland was described by a urologic con 
as being slightly enlarged, soft and 
without nodularitv or induration 


A provisional diagnosis of carcinoma of t 


colon was made. A barium enema, hor 
showed no colonic abnormalities. Ros 


films made during this examination showé 


mottled sclerotic changes in the pelvic 
and vertebrae characteristic of metastat 
cinoma. Similar changes were subs: 
demonstrated in the ribs. 

Serologic tests for svphilis were ne 
Urinalvsis showed no abnormalities 
nation of the blood showed a severe 


( 
e 
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iture granulocytes and many nu- non-protein nitrogen was 35 mg. per 100 cc., 
red blood cells (Table 2). The red the serum calcium 13.7 mg., and the serum 
cells were conspicuously deformed and — phosphorus 3.3 mg. Two determinations 0! 


reatly in size and in shape. The blood the ac id phosphatase showed 16 and 23 King- 


\) W.D.W., B 93359. Aspirated sternal bone marrow (X 450). ‘Two circular clumps 
lastic cells are present. 
W.D.W., B 95359. Sectioned sternal bone marrow obtained by needle trephine from 
is A(X 450). The lightly stained tumor cells infiltrate diffusely as well as form acini 
W.D.W., B 93359. Clump of tumor cells aspirated from marrow 4 months after 
ng of the rapy (X 450). 
W.D.W., B 93359. Denser clump of tumor cells aspirated from same specimen of 
aarrow as C (X 450). 
i. MeF., C 16069. Group of tumor cells in aspirated bone marrow 6 months after 
nv and beginning of estrogen therapy (X 900). 
F.K., B 96216. Circular clump of tumor cells in bone marrow from sternum in patient 
re leukoerythroblastic anemia (X 450). 
F.K., B 96216. Giant tumor cell aggregation aspirated from sternum 7 months after 
ot therapy. 
IoM.T., B 59013. Section from interior of sternum from patient dying of hemorrhage 
rombopenia. The marrow is largely replaced by adenocarcinoma (X 144). 


| 
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Armstrong units per 100 cc. and alkalin 
phosphatase values of 8 and 12 units r spec 


tively. A sternal puncture was atte mpted and 


though the cortex of the bone was easily 
penetrated no marrow could bs aspirated, A 
solid core of tissue was cut out with a need 
trephine \ small amount of fluid marrow 
uuld then be aspirated, In the stained films 
the predominant normal marrow elements 
Were segmented and non-segmented neutro 
phils and late normoblasts. Intermingled with 
these, occurring singly and in clumps, were 

rge irregularly shaped foreign cells with 1 
t } sharply outlined nucleoli (Fig. 1,A 
Variable amounts of grayish cytoplasm 
present about some of the abnormal cells. 
Sections of the marrow tissue removed by 
trephine showed infiltration by adenocarci- 
n la Fig. 1B 

\ bilateral orchectomy was performed and 


estroy 


en therapy started. During the follow- 
weeks his bone pain gradually sub- 


ing 2 
sided Pressure over his sternum was no 
longer painful. The acid phosphatass fell to 
5 units per 100 cc. and the alkaline phos- 
phatase rose to 19 units. Slight improvement 
in blood values with reticulocytosis and de- 
cline in the number of nucleated red blood 
cells was observed during his 4 weeks stay 
in the hospital (Table 2). The sternal pun 
ture was repeated and infiltration with tumor 
cells was again observed. There was no defi- 
mute change in the appearance of the neo 
1¢ cells. 

On a check-up visit 4 months later he re- 
ported steady improvement in his general 
health. On examination there was no tender- 
ness of the superficial bones. The prostate 
gland was normal except for slight enlarge- 
ment. Roentgen films of the pelvis showed 

mspicuous regression of the metastatic 
lesions The blood values had returned to 
normal except for hypochromia and deformity 
of the red blood cells. A few immature granu 
locytes pe rsisted in the circulatin blood 
lable 2). A third sternal puncture was don 
ind marrow of normal cellularity and distri 
bution of cell types was obtained. There were 


rare clumps of tumor cells showing greater 
density of nuclear chromatin and better di 
imited, more densely stained cytoplasm (Fig 

Case 2. L.D.W., B-96766. a 67 vear old 
barber, was first seen at Duke Hospital on 
December 30, 1946. He had enjoved good 
general health until 8 months previously 
when he became suddenly dizzy and short of 
breath while working. Friends called his phy- 
sician and he was admitted to a local hospi 
tal for a few days of observation. After dis- 
harge he rested at home for 2 or 3 months 


INOMA OF THE PROSTATI 


and then returned to work. A few weeks lat 


he began to have recurrent pain about 


shoulders and arms with physic il exertic 


severe enough to “cut off his breath.” On 
occasion when the pain lasted several he 
he was admitted to his local hospital 

given oxygen therapy Three weeks bet 
his clinic visit he be gan to have severe | 
more or less constantly about his hips 

back and chest. Urination became treque 
painful, and the urine bloody. His legs 
in to swell markedly. 


Physical examination showed that lh 


in obese icutely ill white male The 
pressure Was 140/86 mm. ol nercury 
movements of the trunk and extremitic 
exquisitely painful. There were no suj 
ficial tumor masses or enlarged lymph nor 
There was pri nounced tenderness to | 


pressure Over his clavicles, sternum 
humerus, costal margins and spines of 
lumbar vertebrae. His heart was not definit 
enlarged and the rate rhythm and s 
were normal. The lung fields were clear 
ibdominal organs or masses wert palp 
There was pitting edema as high as the ki 
Che prostate gland was irregular in cont 
hard and _ tender Chere was diffuse 
plastic infiltration about the region of 
seminal vesicles and into tissue 
Examination of the peripheral blood sh 
i slight anemia with multi-segmented ne 
phils and a few immature granul 
Table 2 The urine appr ired smoky 


umount ot pr 


contained 1 moderate | 


Chere were innumerable red blood cells 

urinary sediment. Serologic tests for svj 
were negative Blood chemical determin 
were as follows: non protein nitrogen 29 
calcium 10.0 mg., and phosphorus L.S 
per 100 cc. The alkaline phosphatase w 
King-Armstrong units per 100 c ind 
acid phosphatase 105 units. Roentgen 


nation of the chest, spine and _ pelvis 
i slight mottlir and increased de nsity 
lumbo-sacral vertebra ind iliac bone 
‘Bone marrow was ispirate | tro 
sternum in a particularly tender area 
the manubrium. The cortex was easils 
trable by the needle With strong isp 
however, only a small drop of sang 
material could be obtained. Using th« 
trephine a core of tissue was cut out ai 
marrow could be aspirated without diff 
In the stained films the predominant 
were obviously foreign to the bone 1 
ind occurred in sheets and circular 
The cells were somewhat larger than 
philic myelocytes. Their nuclei wer 
variable in size and had a fine chi 


pattern and indistinct nucleoli. The cyt 


RUNDLES, JONSSON: 
poorly delimited at the periphery and 
vacuolated. With Wright's stain the 
colored a weak blue. Bone marrow 
ited from a second puncture site a few 
eters from the first appeared to be nor 
1 every respect. 
lateral orchectomy was pertormed on 
1947 


4.75 mg 


Premarin was given orally in a 
per day tor 2 weeks and 


1.25 mg. per day. One week after 
y the acid phosphatase had fallen 
ts and the alkaline phosphatase to 

ts per 100 cc 


ieck-up examination 3 months later 
improvement. He had 
pain about his legs and hips. His 


t had increased excessively and he tired 


ted gradual 


Ankle edema developed with activity 


examination showed very slight 

rness over the superficial bones. The 
e gland was smaller, smoother and less 
rated. The acid phosphatase had fallen 
unit ind the alkaline phosphatase had 
2 units per 100 cc. The blood values 


normal and there were no immature 
vtes in the circulating blood (Tablk 
Re-« bone marrow 
{ that a few tumor cells could still be 


ied Che these cells 


mination of the 


nuclei of 


were 


CARCINOMA 
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rounder, more densely stained and the nucle- 
oli smaller. The cytoplasm Was more deeply 
stained and sharply delimited. 

back 
extremities gradually disappeared and in a 
few more weeks he able to return to 
work. Physical examination 8 after 
th beginning of treatment showed no 


The pain stiffness his and 
was 


months 


relevant abnormalities. Roentgen-ray films of 
the chest, lumbar spine and pelvis showed 
no definite skeletal disease. 
were Sternal 
There 
density and with aspiration he had consider- 


The blo« rd values 


norma! puncture was again 


performed was no increase in bone 
able suction pain. luid marrow was obtained. 
he total cellularity and differential cell count 
were 


normal. An occasional large foreign cell 


as previously encountered could still be 
identified 

Case 3. H. MeN., A-91961, a Carolina 
farmer, was 59 years old when first admitted 


to the Urologic Service of Duke Hospital on 


Sept. 20, 1942, for the treatment of kidney 
colic He had had several attacks of flank 
pain previously and had passed 2 small 
stones. Mild symptoms of prostatism were 


elicited and examination of the prostate gland 
showed benign hypertrophy. An 
calculus was found in the right 


impacted 


ureter and 


) 


2.—H. MeN., A 91961. Roentgenogram of hip showing large area of osteolytic destruc- 
bout acetabulum and position of needle when aspirating tumor implants. 


; 


240 RUNDLES, JONSSON: CARCINOMA OF THE PROSTATI 
this was removed by ureterolithotomy. His fable 1.—SUMMARY OF FINDINGS I) 
recovery was uneventful. (0 PATIENTS WITH CARCINOMA Ol 

Durin the next 5 vears the symptoms ot rHE PROSTATI 
bladder neck obstruction gradually increased 

nd finally he develope { acute urinary reten No. of Cas 
tion. After a few days of-intermittent cathe Presenting Sym} 
terization at home he was igain admitted to eee E neck obstruction 20 
the hospital on Sept. 23, 1947. His general Skeletal pain 18 
physical examination showed no relevant ab Altered or abnormal bowel habit 1] 
ormalities. Two urologic consultants believed Weakness with anemia 
that his prostate sland showed only. benign Bleeding and purpura | 
hypertrophy while one question« 1 the pres 

nce of a carcinomatous nodule. A supra Interpretation of gland by palpation ” 
pubi prostatectomy was performe d. Path Care ‘ induration 
logic examination of the resected specimen Probabk eee 
was reported to show benign glandular hyper Not care 
plasia. Convalescence was prolonged due to Pronounced tenderness — of sternum 14 
pulmonary infarction but w is eventually satis 
Osteoblastic skeletal lesions 15 
‘ ve Oped pain in his ett hip ind knee This A ling 
cradually increased during the 2 or 3 months ence 
before he again sought advice. On examina 
tion he walked with a limp. There was pain Hematol i ble lobin less 

nd limitation of motion ihout the left hip than 12 er 100 I 
Rectal examination showed post operative in Pu r cells d mnstt d in marrow 17 
luration of the prostate gland Roentgen Leuko t] blastic ( la 

zrams of the pelvis showed a large area of chkoletal 
bone destruction about the left hip joint Jegjons and lly verihed 
Fig. 2 The acid phosphatase was 2 King netastase 

Armstrong units and the alkaline phosph tase 

it mstre nits ner (MH) ¢ 
pe sted. The bladder neck obstruction, skeletal pa 


peripheral blood ind sternal bone marrow 
were found to be entirely normal. Bone 
rrow spl ited from the left iliac crest 

s of average cellularity and distribution of 

1] types No foreign cells were seen \ 
needle was then implanted into the edge ot 
destructive lesion surrounding the acet 
lum (Fig. 2). Films made from the aspi 

| marrow contained clumps ot neoplastic 
resembling adenocarcinoma implants 

After this discovery was mace the sections of 

he resected prostate gland were reviewed 
nd areas containing ircinoma were found 
An orchectomy was done and estrogen ther 


re lief 


was started. There was immediate 
pain ibout the left hip 


Summary of Findings. The preceding 
cases illustrate tvpical features of the 
f of the 


historv of carcinoma 
prostate gland, some problems in diag- 


natural 


nosis, and the results of present dav 


The 


in the entire group of 


6,7,10,12,13 


therapy’ major findings 
30 patients are 


Table 1. While the 


symptoms resulted from 


summarized in 


commonest 


from tumor metastases was nearly 


frequent. An altered bowel habit si 


gested the possibility of colonic ne 


plasm in 11 patients. Symptoms dd 


to anemia or bleeding occurred in 

Rectal examinations as recorded 
a group of urologic consultants show 
diffuse or nodular induration in 
cases. One gland in 6 was conside 
by palpation to be normal or quest 
ably abnormal. 

Pronounced tenderness of the suy 
ficial bones, particularly the stern 
elicited by pressing firmly on 
periosteum, was a significant and 


ful 


patients Tumor 


in 
dei 


strated in the bone marrow of | 


physical sign present 


cells were 
these and impenetrable bone rend 
sclerotic by metastases in another 
one instance sternal marrow metast 
were demonstrated without bone 
derness, anemia, Roentgen abnorm 
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TABLE 2 -EFFECT OF CASTRATION AND ESTROGEN THERAPY ON LEUKOERYTHROBLASTIC 
ANEMIA DUE TO METASTATIC CARCINOMA OF THE PROSTATE 


Differential leukocyte counte 


REC wac Reticu Meta 
nm. per mill.per per Hemat Rand Mvelo Nuc. RAC 
. man omen yte cyt 100 WHC 
Case 1, W. D. W B 93359 
ternal Marrow: Tumor cell lumped 
and singly Sections Therapy 500 transfusio wrchectomy: estrogens 
vile carcinoma 
2 7800 19 0 3 1f 23 
2.1 7600 19 7.5 
>t Marrow I r ell present a 
fore No definite 
5. 06 5650 2 
t Marrow: N il 
tter 
tered t ell 
( 2 7 HF 
4 1 “4 1 1 ‘ 
Ma “ my ‘ 
3 4 623 $3 61 
M w: oN ( 
k f 
1.99 4 62 on 
Rare a r 
4 3 5 3 46 
hal M or 
( } K 2 OF 
ter M Repla wie 
t Ther transfusions) 
F ( 7 
¢ 2 7 SF 4 AR g 19 3 0.5 
The 
¢ 27 5 64 2 1 
wing 
7 290 31 3.1 12 
Marr Normal ell ar 
Rare tumor cells The rag R 
4 R15 2.5 34 18 93 
St Ma w Infiltrati wit 
’ sheet f Stilbestr to 5 m laily 
foreign cells 
See 820 28 1.3 52 8 31 3 6 
t Mar Thorough infiltrati 
with altered tumor cells 
7 2.6 4500 23 73 14 2 
ternal Marrow Replacement with tumor 


cells in clumps ar 


ingly 


24 

14 
4 


or elevated phosphatase activity being 
present. 

An acid phosphatase level above 3 
King-Armstrong units per 100 cc. was 
found in 17 of the 30 patients. Four 
with normal values were demonstrated 
to have tumor implants in the bone 
marrow. 

The hemoglobin was less than 12 
gm. per LOO ec. in 17 of the 30 
patients. Tumor metastases were pre- 
sent in 16 of these individuals. The 
blood urea nitrogen was elevated in 
the 17th. Bone marrow’ metastases 
were demonstrated in 4 individuals 
who were not anemic. 

The more severe grades of anemia 
were of the so-called leukoerythro- 
blastic type with immature granu- 
locytes or nucleated red cells present 
in the circulating blood**. The latter 
abnormalities were not prominent un- 
less the hemoglobin was reduced to 
7.5 gm. or less. Leukocytosis was not 
observed. The effect of castration and 
estrogen therapy was studied in 6 
leukoervthroblastic 
anemia in whom marrow metastases 
were demonstrated (Table 2). In the 
5 patients whose general response was 


patients with 


good the anemia became less severe 
or disappeared in a few weeks. As 
the anemia regressed the amount of 
tumor in the marrow demonstrable by 
serial aspirations decreased likewise 
Table 2). Bony 


enough to make it impossible to pene- 


sclerosis severe 
trate the sternum or other bones with 
a needle developed in one patient who 
had no anemia at the time or evidence 
of extra-medullary blood formation. In 
the 6th patient the clinical response to 
castration and estrogen therapy was 
poor. There was progressive increase 
in the Roentgen evidence of skeletal 
metastases and in bone pain and tend- 
erness. The blood values continued to 
fall and the amount of tumor tissue 
demonstrable by marrow aspiration 
increased. 
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The features by which tumor cells 
in bone marrow preparations may be 
reliably identified have been discus 


sed at length by many _ investi 


Photographs of! 
typical implants trom prostatic carcl 


gators” 


noma are reproduced in Figure 1. Th 
most notable characteristic of tumor 
cells in bone marrow is that they ar 
unlike those normallh 
present or any derived from the mat 


foreign cells 


row in different pathologic states. A 
second feature is that tumor cells ten 
to adhere together in small or larg 
clumps in narrow films in which th 
other cells are well spread. They ar 
sometimes arranged in circles sug 
gestive of sectioned acini (Fig. | 
\. F.). The individual cells mav vary 
moderately in size. The chromatin pat 
tern of their nuclei is usually quit 
dense and fine, but mav be coarse! 
reticular. Nucleoli are frequently larg 
and prominent or multiple. The cyt 
plasm, often torn away during. th 
preparation of spread films, is usuall\ 
abundant but cell boundaries a 
poorly delimited. With Wright's sta 
the cytoplasm colors greyish-blue ar 
may contain fine granules. Conside: 
able variation in the morphology if 
tumor cells that metastasize from pr 
static carcinoma occurs, however, fr 
patient to patient. 

Two or 3 months after orchector 
and the initiation of estrogen thera 
the quantity of neoplastic tissue dem 
strable in aspirated bone marrow is 
usually greatly reduced. Tumor cells 
may be difficult to demonstrate « 
by repeated punctures in areas that 
once contained abundant foreign 
tissue. The neoplastic cells that remain 
occur in smaller, more compact clumps 
containing 2 to 5 cells with mor 
densely stained and better delimited 
cytoplasm. Giant cells may deve'op 
(Fig. 1, G.). The nuclei are usuall 
more eccentric and pyknotie and tlieir 
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ucleoli less prominent than before 
therapy. 
Discussion. Somewhat over 60% of 
atients diagnosed as having prostatic 
ircinoma have clinical evidence of 
bony metastases. Several routes of 
tumor spread have been postulated: 
lirect extension of the primary growth, 
lirect and retrograde migration by 
mph channels, hematogenous  dis- 
emination, and others. The frequency 
with which metastatic implants can be 
lemonstrated in tissue as remote as 
the sternal marrow, and the pre- 
lominant localization of the metastases 
in the well-vascularized bones contain- 
ng red marrow, suggests that blood 
tream dissemination is the important 
ute ol spread of this neoplasm. 
lumor cells are occasionally discovered 
marrow study before anemia, struc- 
ral weakening of the skeleton, or 
utgenologic abnormalities have 
Implantation and growth 
tumor occurs thus primarily in the 


mopoietic rather than in the osseous 
sues. 

carcinoma 
e been detected clinically in the 
chiefly by the  roentgenologic 


Metastases of prostatic 


nonstration of the characteristic 
tructive and_ proliferative bony 
ms. Other findings almost equally 
licative of tumor metastases are 
reased phosphatase activity, pro- 
nounced bone tenderness and anemia 
the absence of azotemia. When one 
Or more of these abnormalities are 
present, tumor cells can be aspirated 
1 the bone marrow in a high per- 
centage of cases. 
nee carcinoma of the prostate is 
one of the few tumors amenable 
chemotherapy, recognition of _ this 
g | as the source of metastases in 
ire cases is highly important. The 
correct diagnosis is particularly likely 
to he missed when there is no palpable 
abnormality in the gland itself, when 
onl, localized bone lesions are pre- 


sent, or when the roentgenologic find- 
ings are atypical other respects. In 
the latter instances marrow aspirations 
from areas particularly involved may 
yield valuable diagnostic findings**** 
The mechanism by which malignant 
tumors in general lead to anemia has 
been a matter of much discus- 
External bleeding, 
impaired nutrition, tissue necrosis, and 
fever are common in many neoplastic 
Accelerated blood destruc- 
tion has aes observed rarely. None of 
these factors has been especially 
prominent in patients with carcinoma 
of the prostate. In many different 
tumors infiltration of the bone marrow 
occurs. This may interfere with the 
function of the hemopoietic tissues by 
marrow replacement, by producing 
fibrosis and scarring, perhaps secon- 
dary to disturbances in vascular supply 
as by arterial emboli, and the like. 
Many observers have failed to find 
general correlation between the volume 
of bone marrow replaced by tumor 
and the severity of the anemia in neo- 
plasms. Marrow fibrosis has sometimes 
been prominent with little tumor being 
present**, Piney*’ described a_ gela- 
tinous tr: insformation of marrow in 
some patients with tumor implants in 
the bone marrow similar to the changes 
produced by Huggins and Wiege'! by 
disruption of the nutrient arteries. 
Three patients with myelophthisic 
anemia occurring as the presenting 
manifestation of prostatic carcinoma 
with skeletal metastases were reported 
recently by Commons and Strauss’. In 
agreement with others, they noted 
improvement in the anemia after cas- 
tration and stilbesterol therapy. They 
did not record bone marrow exami- 
nations and they regarded the mecha- 
nism of the anemia as somewhat 
obscure. They thought it reasonable to 
believe, however, that the hemopoietic 
marrow was crowded out by abnormal 
tissue. The findings in the present study 


sse 
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confirm this suggestion. In our series 
the individuals with carcinoma of the 
prostate gland who were anemic almost 


invariably had bone metastases. In 
those with onlv localized or scanty 
diffuse implantation, however, the 
peripheral blood was normal. W hen 


anemia was present its severity, paral 
leled the degree of marrow infiltration 
In those with heavy infiltration or with 
marrow replacement the anemia 
improved after therapy as the quantity 
regressed, or 


of neoplastic tissue 


became: more severe as tumor growth 
proceeded in spite of therapy. The 
hematologi response ot individuals 
with anemia due to marrow invasion 
by prostatic cancer has been of prog- 
nostic value reflecting the overall 
to endocrine 


should be 


the rapeutic response 


and more 


generally utilized. 


Summary. Tumor cells were demon 
strated by aspiration in the sternal o 
iliac bone marrow in 17 of 30 patient 
with carcinoma of the prostate glane 
Twenty-one had Roentgen-ray or path 
ologic evidence of metastases. Implai 
tation appears to occur primarily i 

rather than th 
Anemia in the absenc 


the hemopoietic 
osseous tissues 
of azotemia occurred only in_ thos 
who had metastases. Gross infiltratio 
of the bone 
with severe anemia. Immature gram 


marrow was associate 


loeytes and nucleated red blood cel 
became prominent in the circulati 
blood 
reduced to 7 
ind estrogen therapy, tl 


when the hemoglobin w 
> gm. OF below. Followi 
castration 


anemia regressed as the amount 


tumor tissue demonstrable in the bon 


marrow decreased became moO! 


severe as tumol growth progressed 


spite of ther ips 
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tHE PITUITARY GLAND OF RATS WITH EXPERIMENTAL GOITER® 
By Grorce C. Henecar, M.D. 
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Grorce M. Hicerns, Ph.D. 
ROCHESTER, MINNESOTA 
From the Division of Experimental Medicine, Mayo Foundation 

INTERDEPENDENT relationships be- of iodine, thereby greatly restricting 
veen the various endocrine organs the amounts of thvroxin that the thyroid 
ive long been identified and experi- cell may synthesize. Concentrations of 
ientally tested. Hormones elaborated — thvroxin in the blood are consequently 
by a given endocrine gland stimulate lowered, with the result that presum- 
cytologic response in another and ably increased amounts of thyrotropic 
the extirpation of one is likely to incite ee Ae released by the anterior lobe 
tologic and functional disturbances of the pituitary stimulate a marked 
nother. The pituitary-thyroid inter-  liyperplasia of the thyroid which re- 
lationship has been thoroughly dem- sults in the development of large 
strated clinically and extensively in-  goiters, some of which have been re- 
stigated experimentally, Thyrotropic ported. These thyroid — may be 
mone when given to normal animals — prevented, even while goitrogen is 
ites a thvroid hyperplasia, with con- being administered, by vendita the 
juent elaboration of thyroid hormone. — daily re quirements of thyroxin ( Gries- 
ly. thyroidectomy, which re- bach and Purves 1945": Higgins and 
ts in lowered concentrations — of Joneson Likewise, goiters do 
xin in the blood, exerts a stimu- not develop in animals given the goit- 
g effect upon certain constituents rogen, if they were previously hypo- 
the anterior lobe of the pituitary ophysectomized (Griesbach, Kennedy 
| and a thvyroid-stimulating hor- and Purves 1941'*; Higgins and Ingle 
e is elaborated. 1946"). Coincident with the develop- 
he rather recent identification and = ment of the goiter, prolonged admin- 
lopment of a number of goitro- istration of the goitrogen has been 
substances have provided a new shown to produce marked degrees of 
ach to a study of the pituitary- exophthalmos. Since it has been shown 
id axis. Seeds of the Brassic: a plant that of the eyes may be 
ly soybean flour, phenylthio- produced in guinea pigs by giving a 
imide, certain sulfonamide com- hormone*, there is 
ds, thiourea-like drugs, 4.2’-dia- at least some reason to believe that the 
phenyl-5’-thiazolyl sulfone (prom- symptoms affecting the eyes which 
ind many other drugs have been ensue on the use of certain goitrogens, 
n to be goitrogenic. are due to increased elaboration of 

st of these goitrogens induce a thvroid-stimulating hormone. 
tunctional — thyrostasis, wherein the Thus the experimental data implicate 
tl d cell collects reduced amounts the pituitary gland in inciting the thy- 
4 idgment of thesis submitted by Dr. Henegar to the Faculty of the Graduate School 
University of Minnesota in partial fulfillment of the requirements for the degree of 

M of Science in Surgery. 
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roid hyperplasia, but observations with 
respect to the cvtologic changes within 
the anterior lobe of the pituitary gland 
of animals given goitrogens are some- 
what conflicting. 

Marine, Rosen and Spark'* (1935) 
described an increase in the size of 
the cells and a decrease of the acido- 
philic granules of the pituitaries of rab- 
bits fed a goitrogenic diet. Nelson and 
Warkany?! (1938) fed rats a rachito- 
genic diet which was shown to be 
goitrogenic, and described groups of 
large pale cells in the pituitary gland 
which gave it a spongy appearance. 
Sharpless and Hopson** (1940) by use 
of a soybean diet, showed decreased 
proportions of acidophilic cells, and 
increased proportions of basophilic 
cells. Griesbach® (1941) described con- 
spicuous cell changes in the pituitary 
gland of animals fed a diet of Brassica 
seeds. These included a rapid increase 
in the number of basophilic cells with 
vacuolations. Griesbach and Purves! 

1943) found a very marked increase 
in the percentage of basophils within 
the anterior lobe of the pituitaries of 
those animals fed their rape seed diet. 
This seemed to be correlated with cor- 
responding increases in the thyrotropic 
activity of the serum. Williams. Wein- 
glass, Bissell and Peters?! (1944), how- 
ever, reported that the pituitary glands 
of thiouracil-treated animals were 
smaller than normal and that micro- 
scopic changes, incident to giving the 
goitrogen, could not be detected. Gries- 
bach and Purves!!! (1945) examined 
the cytologic response of the pituitary 
to known degrees of thyroxin deficiency 
and concluded that a slight reduction 
in the concentration of thyroxin in the 
serum caused an increase in the per- 
centages of basophils and that the baso- 
philic cells of the anterior lobe were 
the source of thyrotropic secretions. 

Mellgren'® (1945) reported an_in- 
crease in the number of hvaline baso- 
phils and hypertrophic amphophils in 


PITUITARY 
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the pituitary glands of patients witl 
Cushing's disease or adrenal virilism 


which increase he considered to be at 


expression of corticotropic hyper 
function of the anterior pituitary. In 
recent report Mellgren?? (1948) con 
cluded trom an extensive study Ol 
normal and hypophysectomized 
that the pituitary changes he had dé 
scribed in the adrenogenital diseas« 
were not the result of a hyperfunctior 
of the adrenal cortex. The adrenal 
changes, he believed, were the result 
of the increased production ot cortic 
tropic hormone which produced th 
hyperfunction of the adrenal cortex 
Changes in the pituitary incited | 
lowered concentrations of thyroxin i: 
duced by giving certain goitrogens ai 
similar in many respects to those whic! 
thyroidectomy. Zeckwe 
Davison, Keller and Livingood*® (1935 


described a depletion of the acidophi 


ensue On 


and an increase in the number of bas 
Numbers of “thyroid 
ectomv cells” were taken to be trans 


staining cells 


formed from cells containing bl 
granules 

The present report includes the 
sults of a study wherein we h 
examined the pituitar, glands of gro 
of animals which were given 3 diff 
ent goitrogens for periods up to 90 
davs 


Experimental Methods. Vigorous mal 
weighing 60 to 90 gm., were selected 
isolated for this study. They were hous« 
metal cages, on metal screen, and fed 
standard laboratory ration used at the | 
tute of Experimental Medicine Both 
ind water were provided as desired 
groups of animals were arranged: 3 of 
groups received the 3 goitrogens select 
study, and the 4th group served as cor 
The goitrogens selected for study 
changes induced within the pituitaries 
promizol, diethyl thiobarbituric acid 
barbital) and 2-mercapto 4-pyrimidone 
uracil). We used the tables provided | 
extensive study of McGinty and Bywat« 
(1945), which was based on the abil 
the drug to reduce the iodine cont: 
the thyroid to 12 mg.%, to establish tl 
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concentrations of these goitrogens in 


diet provided the test animals. Promizol 


1 In amounts equivalent to 0.30% 


the diet; thiobarbital, equivalent to 0.44% 


diet, and thiouracil, 0.54% of the diet. 
itions were made on_ the basal 
rates, the thyroid and the pituitary 

e end of 24, 48 and 72 hours 
f 14, 30, and 90 days of experimental 
The apparatus employed for the 

n of the basal metabolic rates 
previously described hapman, 
Higgins?, 1944). All animals were 


ep ether anesthesia. The thyroid 


t} 


ere removed, weighed immediately 
r-Smith torsion balance, fixed in 
ind appropriately stained. Aci 
ts were measured by means ot 
n ocular micrometer. The pitui- 
were removed, weighed on_ the 
( ind fixed in Regaud’s fluid 


SO ot a solution of 
lichromate in 20 ce. of full-strength 
tion for 8 days, with frequent 


f fixative, the glands were washed 


d and transferred to cedar oil 


nd cut serial sections 3 
thickness. After rehydration, the 
I mordanted in a 3% solution of 
lichromate and stained according 


ition of the Cleveland-Wolfe* 
ning technic.® In sections appropri 
1. the ervthrocvtes stain light vel- 
ve tissues stain blue ind the 
ir cells with nongranular cvto- 
in unstained or stain very light 
er granular cells stain dark blue 
riable amount of purplish red gran 
| still others may contain large vel- 
range granules 
lapt ition of the method of Rasmus- 
Herrick22 (1922) for determining the 
tage distribution of the cells compris- 
nterior lobe was used. By_ this 
1 section from each quadrant of the 
used; all the cells were counted in 
fifth oil-immersion field in every fifth 
this way it is possible to avoid 
cell more than once. 


‘esults. Basal Metabolic Rates. 
metabolic rates obtained at fre- 
t intervals during the 90-day test 
show that hypothyroidism had 
produced in all animals. At the 
of the test period the average 


number of calories per sq. m. per hour 
consumed by animals comprising the 
control group was 46.1. In animals 
receiving promizol. the figure was 30.4 
calories; in those receiving thiobarbital, 
it was 34.3, and in those receiving 
thiouracil it was 35 calories per sq. m. 
per hour. Thus promizol had apparently 
induced the greatest decline in oxygen 
consumption, resulting in a basal rate 
of minus 34%; thiobarbital a minus 
25.6%, and thiouracil a minus 17.6%. 
The mean basal rate of those animals 
which had been previously thvroid- 
ectomized, and given the standard 
ration without goitrogen, was a minus 
16.1%. 

Thyroid Glands. Gross changes in the 
appearance of the thyroid glands were 
first detected at the end of the 72-hour 
test period. Glands of test animals were 
more hyperemic than those of the con- 
trols and significant increases in the 
weight of the thvroid gland of each test 
animal were recorded, On the seventh 
dav the glands of all test animals 
weighed approximately twice that of 
the controls: on the ninetieth dav the 
relative weights of the thyroid glands 
of animals taking promizol were 12 
times those of their controls, those 
taking thiobarbital were 5 times those 
of their controls, and those taking 
thiouracil, in the amounts given, were 
approximately 4 times those of their 
controls. 

Histologic changes accompanied the 
changes in weight of the gland, and, 
in this exneriment, were essentially 
those which have been described in 
earlier reports regarding reactions of 
thyroid glands to goitrogens. Loss of 
acinar colloid was an early indication 
of change in all thyroids examined. 
Coincident with colloid fragmentation 
were the increases in acinar cell 
heights, resulting in highly columnar 


We are indebted to Dr. J. F. Hartmann of the Department of Anatomy of the Uni- 
of Minnesota for his personal direction in the use of his own modification of the 


procedure employed in this study. 


| 
} 


epithelium. In the longer periods, 
papillary infoldings of the epithelium 
which resembled the parenchymatous 
hyperplasia of clinical exophthalmic 
goiter, were produced. New acini 
appeared as a result of clefts in acinar 
epithelium of older acini. 

Significant increases in the height of 
the acinar cell epithelium were re- 
corded as early as 72 hours after the 
beginning of experimental restriction. 
At this time the mean acinar cell height 
of thyroid glands of the control animals 
was 3.58 microns; that of animals tak- 
ing promizol was 10.60 microns, that 
of those taking thiobarbital was 7.89 
microns and that of those taking 
thiouracil was 8.28 microns. At the end 
of the 30-day test period, correspond- 
ing figures for these re spective groups 
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glands of the test animals were cer 
tainly more hyperemic. 

The absolute weights of the gland 
were not significantly altered amon 
the groups of animals by the conditior 
of the experiment. At 72 hours, 
example, the average weight of th 
glands of 5 control animals, weighin 
63.6 gm. was 2.7 mg.; the weight « 
glands of animals taking promizol was 
3 mg.; of animals taking thiouracil was 
3.6 mg. and of animals taking thi 
barbital it was also 3.6 mg. The aver 
age body we ight of animals in the test 
groups at this time was slightly greate) 
than that of animals in the contr 
group: when the relative weights 
the glands were contrasted, differenc 
were not apparent (Table 1 


The data assembled on the fourteent 


TABLE 1. WEIGHTS OF PITUITARY GLANDS OF RATS RECEIVING GOITROGENS 

Contro! Promizol-fed fed harhital-fed 

Pituitary Pituitary Pituitary Pituitar 

Elapsed Body sland Bod, gland land Bods sland 

time weight, weight weight wre } ht ht 
gm mg. gm mg. gm mg ’ m 
72 hours 63.6 Eo + 6. 72.0 1.2 Ot. 7389 16+ 0.] 75.2 18 
l4 days 1216 46+01 1020 56+01 1172 58+01 143.0 55 
30 days 1625 38+02 1052 55+01 1265 53+01 1055 68 
90 days 264.0 3.8 + 0.1 905.5 6.5 0.2 181.6 59+ 0.1 162.8 6.8 


were 3.68, 11.04. 10.31 and 10.28 
microns. At the termination of the 
experiment (90 davs) such marked 
stimulation of the thyroid epithelium 
had occurred in all groups. and such 
extreme patterns had resulted, that 
attempts to gain any accurate meas- 
urements of the height of the columnar 
cells were not made. 

Pituitary Glands. Certain of the data 
on the relative weights of the pituitary 
glands assembled from animals killed 
at various intervals during the 90-day 
test period have been condensed in 
Table 1. Grossly, the pituitaries of the 
test animals did not appear to differ 
greatly from those of the control 
group; although, as the experiment 
progressed, it was obvious that the 


dav of the experiment indicate tl 
there were some real increases encoun! 
ered in the absolute weights as w 
as in the relative weights of the glan 
At this time the mean absolute weigh 
of the glands of the 4 groups were: « 
promizol-fed, 4.7 n 
thiouracil-fed, 6.2 mg.; and thiobarbit 
fed. 7.8 mg. The relative weight 
weight of pituitary gland per 100 
of body weight—showed slight but 
nificant increases (Table 1). 

At the termination of the experim 
pituitary glands of all test animals w 


trols, 4.6 mg.: 


extremely hvneremic; vet only slight 
increases in the weights of glands of 
control animals were recorded for th 
glands of test animals. The average 
weight of the glands of the control 
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iimals at the termination was LO mg.; 
13.3 mg.; of 
., and of thiobarbital- 
‘the relative weights of 
however, 


promizol-ted animals, 
ouracil-ted, 10.7 


pituitaries, 


mg. 


were all sig- 


ticantiy higher in test animals than 
controls. All test animals had gained 
in body weight than those of the 


ntrol group; so that, per 100 gm., the 


its of the pituitaries were greatly 


d lable ] 
Although the absolute average 
ights of the pituitary glands of these 


altered 
weight recorded for 
with the 


microsc ypic 


st animals not greatly 
ym the 

controls 


ved 


were 
average 
technic em- 
changes were evi- 


vet 
nt as early as 72 hours after experi- 
ntal restriction was started. The per- 


ntage distribution of the cell popula- 
ns of the pituitary glands of control 


$27 


72 


dophils 


of animals taking the 
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The percentage distribution of cells comprising the ante rior lobes of pituitary 
various goitrogens for 
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and test animals studied at 24 and 72 
hours and 7 days, and at 14, 30 and 90 
days of experimental restriction are 
graphic ally portrayed in Figs. 1 and 2. 

Using the de scribed of tal. 
ulating, we attempted to record the 
perce ntage of the 3 types of cells com- 
prising the anterior lobes. In our hands 
the percentage of the acidophils of con- 
trol animals varied from 54.7 (animals 
killed at 24 hours) to 71.3 (animals 
killed at 90 days). Thus the older the 
animal, the higher the percentage ot 
acidophils. The percentage of basophils 
varied from 17.2 (animals killed at 90 
days) to 34.1 Peso killed at 7 
days ). In contrast to the percentage of 
acidophils the percentage of basophils 
was highest younger 
lowest in the older animals. 

Very definite changes in the percent- 


in animals, and 
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age distribution of the chromophil cells 
occurred in the anterior lobe of all 
animals receiving the goitrogens. In 
animals receiving promizol, for exam- 
ple, 63.9% of all cells studied at the 24- 
hour interval were acidophilic; 24.7% 
were basophilic and 11.4% were classed 
as chromophobes. These figures are 
presumably within the normal range. 
At the 72-hour interval 52.7% of acido- 
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OF RATS 
percentage of basophils continued t 
rise until at the end of the experime: 
(90 davs) only 9.8% of all cells count 
were ‘acidophils, and $2.40 wei 
basophils. 

We could not detect significant di 
ferences between the cytologic patter 
of the pituitaries within the 3 grou] 
of animals given the 3 goitrogens. | 


all 3 test groups extreme basophilia ha 


25 
73 5 
re) 
4. 
om 
14 days 30 days 90 day: 
C7) Acidophils Basophils Chromophobes 
Fic, 2, The percentage distribution of cells comprising the anterior lobes of pituitary 


of animals taking the various goitrogens for 14. 30, and 90 days. 


phils and 40.1% of basophils were re- 
corded. The percentage of acidophils 
might still have been within the normal 
range, but the elevated percentage of 
basophils was indicative of extreme 
basophilia which later developed in the 
anterior lobes of animals taking any of 
the goitrogens. During the succeeding 
weeks of the test the percentage of 
acidophils continued to decline and the 


developed in the anterior lobes of 

animals examined. A corresponding 
basophilia had developed in the anter 
ior lobes of animals which had _ bee! 
thyroidectomized several weeks befor 
the experiment was started (Fig. 

These data show that in this latter 
group the percentages of acidopliils 


basophils and chromophobe cells wel 
] 


closely similar to those we obtained 


— 
1 | [res] | | 
T ‘ 63, >; | | 
| 
| | 
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r the 


nimals 


same categories of cells in 
receiving the goitrogens we 
rovided. 
These changes in the cellular distri- 
uitions within the pituitary glands of 
inimals receiving the 
To test this, 
vals was given the 


iVsS \t 


ita, we 


goitrogens were 
a series of ani- 
goitrogens tor 30 


eve rsible. 


this time, from our previous 


had that 
lvanced basophilia had already de- 


reason to believe 


eloped in the anterior lobes of their 


tuitaries. Our previous census of 
ells at 30 days (Fig. 2) had shown 
that the percentage — of acidophils 


inged from 17.9 to 22.8, and that of 
isophils ranged from 68.4 to 73.3. At 
the end of the 30-day period, there- 
re, all goitrogens were removed and 

animals were fed the standard ration 
additional 30 days. All 
en killed; the pituitary glands were 
ed and prepared for study in the 
and the 
distributions of the 


r an were 


ne manner as betore, per- 


ntage 3 types ot 
The data show that 


restoration of 


lls were recorded. 
— so-called nor- 
| percentages had not vet occ = 
percentage of ac idophilic cells i 
se animals ranged from 54.9 to 57.3. 
| the percentage of basophils ranged 
n 36.8 to 40.0. These basophil per- 
still considerably higher 
those which we had accepted as 
unstimu- 
(ranging from 
so that a complete 


itages are 


normal in 
glands 


resentative of 
pituitary 

to 34.1%); 
rn to normal distributions was not 
ined within the 30-day 
ugh marked reversible 
certainly taken place. 

All data assembled on the 
distribution of cells com- 


period, 
changes 


omment. 


entage 


ig the anterior lobes of the pitui- 
s of all animals receiving the 3 
goitrogens showed clearly. that a 


d basophilia had developed dur- 
he 90-day test period. Basophilia, 
lieve, was due to a lowered con- 


ition of thyroxin in the blood, the 
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result of the 


goitroge ns 


inhibiting effect of the 
upon thyroxin synthesis, 
and it represents an effort on the part 
of the anterior lobe of the pituitary to 
provide increasing amounts of thyroid- 
We have not 
glands for the content of 
thyroid-stimulating hormone, nor have 
we examined the blood serum for hor- 
mone Gordon, Goldsmith and 
Charipper® (1945) concluded that the 
hormone level was lower in both pitui- 
tary animals 
de goitrous by thiourea. Griesbach 
(1945), on the other 
showed that in gross 
deficiency of 


stimulating hormone. 


assaved these 


content. 


glands and serums of 
made 
and Purves?! 
hand, cases of 
thvroxin, an excess of 
in the 
examined the 


responses of 


thyrotropin was detected blood 
authors 

functional 
the pituitary to various degrees of thy- 
induced by total thy- 
subtotal 


combining 


serum. These 


cvtologic and 
roxin deficiency 
roidectomy, thyroidectomy, 
and by procedures 
with the thiourea. 
They concluded that even slight reduc- 
tions in the normal concentrations of 
thyroxin induced incre -ased activity and 
These 

per- 


these 
administration of 


increased numbers of basophils. 
did not 
of basophils as we have re- 
ported, but, when they gave increas- 
ing amounts of thyroxin, the percent- 
ages of basophils in the anterior lobes 
were progressively reduced. They con- 


authors obtain as high 


centages 


cluded that such increased perce ntages 
of basophils correlated with 
increased secretions of thyroid-stimu- 
lating hormone. In the production of 
thyroid adenomas by feeding their 
Brassica see d diet, Griesbach, Kenne dy 
(1945) described changes 
in the pituitary glands which included 
increased basophilia with mitosis and 
1 reduction in numbers and in granu- 
The weights 
of the pituitaries did not increase. 
The studies of Dempsey and Wis- 
lockit (1945) are of interest in their 
bearing on our own observations. They 


were 


and Purves! 


of the acidophils. 
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have studied the cytoplasmic baso- 


philia not only of the pituitary but of 
th placenta as well, with respect to 
the chemical nature of the substances 


which these tinctorial reactions. 


studied 


gave 
sections of 
which 
in solutions of crystalline 


They pituitary 


glands of rats were incubated 
ribonuclease 
and learned that the basophilia, so evi- 
dent atter 
le he blue, 
the glands with ribonuclease. 
1940) that tre: 
ribonuclease abolished the 
basophilia of cells of the 


intestine and nervous system. 


staining with eosin-methy- 
digesting 
Brachet! 
itment 


was abolished by 
showed with 


pancrea 


Desclin 1940) had shown that the 
basophilia of the pituitaries of rats 
detectable by toluidine blue, which 


increased in concentration during preg- 
; and after treatment with estro- 
gens, was abolished by treating sections 
extract 


hanecy 


with a crude containing rib- 
nucleas 

Since losin is abolished by the 
enzyme, is concluded 
attributed to 
the presence of ribonucleic acid, shown 
to be 


onucleic 


ribonuclease, it 
that basophilia must be 
active protein synthesis. Rib- 


acids are more abundant in 


inmature than in mature cells, and 
(1944) concluded that the 


acids function in the 


Greenstein® 
ribonucleic syn- 
thesis of the cellular proteins. ; 
Accordingly, the increased basophilia 
which we have encountered in the 
pituitaries of our animals may indicate 
content and 
thus increased protein synthesis with 
Although 
» have not employed the technic of 
De mpsey and Wislocki*t (1945), and 
not know the effect of rib- 
onuclease upon the basophilia encoun- 
tered, we have that 
there was presumably an increase in 
the nucleic and an 
the synthesis of the specific secretions 
in the pituitary cells. We do not know 
that thyrotropic hormone was released 


increased nucleic acid 


increased cellular secretions. 


thus do 
reason to believe 


acids increase in 
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amounts as a result ot thi 
And vet, 


degrees of 


in increased 
increased basophilia. 
marked 


phthalmos encountered and the ex 


objec 
tively. the exo 
treme hyperplasia of the thyroid epi 
thelium are physiologic reactions whic! 
postulate increased elaboration of hor 
mone. 


Wolfe's 


sustain the 


(1948 
earlier conclusions that cyt 


recent studies*° 


plasmic basophilia is associated wit] 
cells of thi 
Wolf 


the secretory activitv of the 
lobe ot the 
that 


estrogens the 


anterior pituitary. 


showed when rats were 
acidophils became di 
granulated and by proper staining wer 
found to contain basophilic substance 
Like ‘WiISe, ¢ hromophobe Ss were charac 
terized by a cytoplasmic basophili 
Wolfe showed, too, that this basophilia \ 
of both degranulated acidophils and 
chromophobes induced by administra 
abolished by ril 
demonstrating th 


acid in thes 


tion of estrogen was 


onuclease thus 
presence of ribonucleic 
cells. 

study of 


Summary. \ basophi 


which developed in the anterior lob 
of pituitary glands of rats fed know 
well-known 


percentag or 3 goitr 


gens, in a standard ration, for perio 
up to 90 davs, is reported. All test 
taking the 


greatly hype rplastic thyroid glands a 


animals goitrogens, show 


lowered basal metabolic rates, in 
lowered concentrations 


blood 


known to 


cating the 
thvroxin in the which th 
induce 


uptake 


and its conversion into dii 


goitrogens ‘are 
their 


iodine 


influence upon the 


tyrosine within the thyroid gland. 


Basophilia was first significantly 
dent in rere of animals fed 
goitrogens for 72 hours. The percentag 


of basophils, of all cells counted at tha 


time, ranged from 35.3 to 40.1 and 
significantly higher than the percentag 
of 29 established for the control 
that The pet 


of animals at interval. 
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ntage of basophils progressively 
creased during the remaining weeks 
the experiment, so that at 90 days, 
e percentages of basophils ranged 
mm §2.4 to 87.8. 

This extreme basophilia—higher than 
\ hitherto recorded we believe, is 
related with increased synthesis and 
iboration of hormone. Direct and 


conclusive evidence for this conclusion 
is not available, but systemic reactions 
such as extreme exophthalmos (Do- 
byns", 1946) and thyroid hyperplasia. 
known to be induced by increased 
amounts of thyroid-stimulating —hor- 
mone, both indicate increased synthesis 
of this hormone by the greatly in- 
creased numbers of basophilic cells. 
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THE TREATMENT OF PNEUMOCOCCIC 


MENINGITIS 


WITH PENICILLIN 
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IN 1945 we! reported a series of 67 
cases of pneumococci meningitis 
treated with penicillin. Of these 67 
patients 26 recovered and 41 died, rep- 
resenting a recovery rate of 39%. It was 
evident from the report that the prob- 
lem of therapy in this disease re quired 
further The 
therefore continued in the present series 
or 
gitis and forms the basis of this paper. 

\TATERIAI 


investigation study was 


cases ot pneumococcic menin- 


There are 125 consecutive 
ises in this series and thev were seen 
1944 October 
20, 1948. The diagnosis was definitels 


between June 13, and 


established in each instance by cultur- 


ing or typing the organism from the 
spinal fluid. 
CiinicaL Aspects. Most of the pa- 


tients presented the typical picture of 
meningitis on admission. The individ- 


rABLE 1] RECOVERIES IN| RELATION 
TO AGE 

Number of Recoveries and Deaths in Each Group 
A ve Number of Number of \ hey 
Yea Cases Recoveries Deaths 

Under 1 28 99 6 

l to 10 16 15 

ll to 20 7 7 0 

21 to 30 14 13 | 

1 to 40 9 7 9 

11 to 50 23 19 j 

51 to 60 17 

61 to 70 8 0 S 

71 to 8O 2 ] ] 

Sl to 90 ] 
Total 125 92 33 


( 260 ) 


ual patients showed considerable va 
ation in the severity of the disease. b 
most of them ippeared critically ill 


There was a wide 


Table 

In this series of cases a primary fo 
A det 
mastoid or bot! 
36 of the cases. While t 


series shows a record of only 6 instan¢ 


range in age. (95S 


was established in 7S instances. 
inite focus in the ear 


was found in 


of definite sinusitis, it is possible t]| 
this condition existed more trequi nt 
than it was recognized. In 27 pati 
the 
garded as the probable primary fox 


presence ot pneumonia was 


There were 7 cases of head injury \ 
a tracture through a sinus, mastoid 
base of the skull in 5 
cases the meningitis followed cellu 
of the 


in which the meningitis was prece 


instances. In 2 


face. There remained 47 « 


either by no obvious illness or b 
simple upper respiratory intection 
BacTERI@LocIC Dracnosis. Diagne 


lumbar punctures were performe 


all the cases on admission. The 
brospinal fluid showed Varving ce grees 
of turbiditv. The cells were great 


increased in number with polymor 
nuclears predominating. In the maj 
of instances the protein content 
moderately to greatly increased. S 
was either absent or considerabh 
Stained smears 
of the cerebrospinal fluid showed \ary- 


minished in all cases. 
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¢ numbers of Gram-positive diplo 


cci in instances. Pneumococci 
ere grown from the fluid in 120 of 
ie cases. The organisms were typed 


these cases from the cultures and in 
iny instances directly from the spinal 
id. In the 5 cases with negative cul- 
res, the pneumococcus was identified 
direct typing from the spinal fluid. 

Viany 
presented in the series. There was an 
pparent relationship between menin- 


tis due 


strains of pneumococci were 


to Type 3} and an otitic infec 
; the fact that of 15 
ises due to. this tvpe the primary 


m as shown by 


cus was otogenic in Il instances 
lood cultures were made in 62. cases 
ior to the institution of sulfonamide 


d penicillin therapy. These were 


itive 


2S instances. 


Penicillin sensitivity determinations 
re made on 75 strains. The range of 


sitivity of the organisms is shown in 


ble 2. The marked susceptibility of 
se organisms to penicillin is quite 
nt 

BLI PENICILLIN SENSITIVITY 
OF PNEUMOCOCCI—75 STRAINS 


OO4 > 
89 


REATMENT. In this series penicillin 
intrathecally all 
addition, all the 


nts were treated with penicillin 


idministered 


instances. In 


imuscularly and most of them re- 


| also a sulfonamide, usually sul- 


izine. There was considerable vari- 
in the 


dosages of penicillin as well as in 


intrathecal and intramus- 


umber of intraspinal injections and 
treat- 

The schedule of penicillin ther- 
tinally evolved is shown in Table 3. 


luration of intramuscular 


MENINGITIS 


WITH PENICILLIN 26] 
rTABLE 38. PENICILLIN DOSAGE 


SCHEDULE PNEUMOCOC- 


CIC MENINGITIS 
Intrathecal Intramuscular 
Units per Inj Units Days of 
Inject tion Per Day Treatment 
t 
yea 25000-50000 100.000 7-LO 
Older 
Children 
ind 
Adults 50000-100000 3-5 800,000 7-10 


In S cases an attempt was made to 
treat the patient with penicillin given 
intramuscularly but not intraspinally. 
In addition these patients received sul- 
fadiazine. A satisfactory response was 
obtained in only 2 of these cases. In 
the remaining 6 instances there was a 
failure of response requiring the addi- 
tional use of intrathecal penicillin. It is 
also that in 10 
per- 


necessary to mention 


instances mastoidectomy was 


formed. 

In this series of 125 cases 
> 


deaths, 
It will be seen 


RESULTS 
there 


a recovery 


were 92 recoveries and 3 


rate of 737%. 
from Table 1 that among 97 cases under 
there only 14 


deaths, whereas among 28 cases above 


51 vears of age were 


that age there were 19 deaths. It is 
clear then that the prognosis was 
decidedly worse in the older age 


It is important to note that 
among the fatalities there were 7 cases 


groups 


in which adverse contributory factors 
These included 3. in- 
inadequate intraspinal 


penicillin therapy, 2 cases complicated 


were present. 


stances with 
by a secondary B.pyocyaneus menin- 
with bacterial 
endocarditis, and a case associated with 


gitis, a case acute 
multiple severe injuries. In addition, 5 
of the patients died within 24 hours 
following the institution of penicillin 
therapy. 

SPINAL FLurp CHANGES DuRING THE 
Course or TREATMENT. With the insti- 
tution of penicillin therapy a_ fairly 
prompt disappearance of the pneumo- 
cocci was noted in the vast majority of 


Numbe f St 
OO] 0 


) 
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the cases. However, as pointed out in 
a previous paper! the early disappear- 
ot 


upon 


anc the organisms could not be 
ot the 


control of the infection. A more depend- 


relied as an indication 
able index is the return of the sugar to 
normal. 

Repeated determinations of the con- 


centration of penicillin’ in the spinal 


Huid were made in 94 instances. These 
showed enormous variations and could 
not be correlated with the clinical 
results 

COMPLICATIONS AND REACTIONS Dut 
ro INTRATHECAL PENICILLIN. In this 
series of cases a reaction attributable 
to the intrathecal administration of 


penicillin was encountered in several 
instances. The data relating to these 
1. It may 
be noted that arachnoiditis followed by 


block 


and 


reactions are shown in Table 


subarachnoid occurred in only 
cerebral 


cases. The outstanding irritative symp- 


one instance, irritative 


phenomena were encountered in 
toms consisted of pyrexia, delirium and 
which within a 
few hours after the intrathecal injection 
of the drug. It will be seen from the 


table that this type of reaction was 


convulsions occurred 


induced in 3 instances by dosages of 
50,000 to 100,000 units of the drug and, 


in one instance, by an inadvertent in- 
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fatalities, it ; be noted that in th 
case with subarachnoid block the deat] 


may 


was unrelated to the reaction while ir 


the other instance the fatal issue ap 
peared to be closely related to th 
reaction. 

In addition there were 4 instance 
of a secondary meningitis due t 
B.pyocyaneus introduced during th 
intrathecal administration of penicilli: 

Revapses. It is well known. that 


pheumococcic meningitis may on occa 


sion relapse. In the present series th 
occurred in only 3 instances, in 2 of 
which intraspinal penicillin had not 


Ko 


adequat 


been used prior to the relapse. 
ot 


intraspinal penicillin therapy these 


lowing a short course 
patients recovered completely. 
SEQUELAE. In this series there wer 
instances of serious damage to the brai 
resulting in hydrocephalus, mental in 
pairment or paralysis. These were 
in infants under 1 year of age. In on 
of these 


block was present before treatment 


a 3-month old infant, spin 


intraventricul 


begun, necessitating 


therapy. There were also cases 
deafness partial or complete 
Comment. It is clear from this stud 
that the adequate ot 
intrathecally intramuscularly 


highly effective in the treatment of 


use penicill 


and W 


jection of 500,000 units. Following the good majority of the cases of pn 
subsidence of the reaction. 2 of the mococcic meningitis Although it cor 
patients were able to tolerate smaller not be stated with certainty that t! 
doses of penicillin intraspinally without larger intrathecal doses of penicil 
untoward effect. With regard to the were necessarily more effective tl 
TABLE 4 REACTIONS IN 5 CASES ATTRIBUTABLE TO INTRATHECAI 
PENICILLIN 
Previous Intraspinal Penicillir 
A No. of Units per Dose of Injection Natur t 
Injection Injection Preceding Reaction Reactior Out 
65 vr S 20,000 Developed pro- Arac hnoiditis Died 
gressively. block 

S vrs 20-100,000 100,000 Convulsions Recovers 

$ mos non 50.000 Pyrexia, Convulsions Died 

3 50-100,000 500,000 Pvrexia, deliriurn. Recover 


by 
50,000 


50.000 


rror pulmonary edema 


Pyrexia, convulsions Recover 
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© smaller ones, it was nevertheless 


ir impression that the employment of 
contributed ma- 


ese larget doses 


rially to the recovery of a number 


patients. Contrary to the gene ral 
lief, the larger intraspinal doses of 
e drug have with very few exceptions 
en well tolerated. It has already been 
inted out that the prognosis was de- 
ledly in the older age 
Yin thre 
nce of a correlation between the pri- 


and the 


worse groups. 


other hand there was no evi- 


iry focus of intection 
itcome. 

(Attention 
the hazards of intrathecal penicillin 
It has been noted that the anti- 
tic may lead to the deve lopment of 


has recently been drawn 


CTapy 
arachnoiditis which may Cause §] pinal 


ock the 


motor or 


appearance ot an ing 


grees of sensory disturb- 
CeS In our experience these are rare 
mplications and when they occur are 


rely permanent. However, it is 
tremely important to discontinue the 
traspinal administration of penicillin 
the presence ot subarachnoid block 


following the appearance of symp- 
is of myelopathy in order to pre- 
it the 


nal cord changes. 


deve lopme nt of irreversible 


he intrathecal use of penicillin may 
irritative 
tions particularly convulsions. As a 


ccasion cause cerebral 
these irritative symptoms clear up 
idly. It should be noted that in the 
ises in which subsequent intrathecal 
rapy seemed necessary it was pos- 
to use smaller doses of the drug 
thout anv untoward effect. 
lthough the introduction of a 
meningeal during the 
rse of intrathecal therapy is of rare 
irrence, it must nevertheless be kept 
nind. In order to prevent this com- 
tion it is very important to guard 
ust contamination in the process 
and administering the 
illin. In two of the cases compli- 
by a second meningeal infection 


sec- 


intection 


] 
lissolving 


ad 
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the source of the organism was traced 
to penicillin solutions contaminated by 
syringes used to withdraw the drug for 
The details of that investiga- 
tion were reported in a recent paper 
by Harris? and her 

The rare 
effect or complication following the 
intraspinal use of penicillin should not 
be a deterrent to the employment of 
this valuable procedure. 

The treatment of pneumococcic men- 
ingitis without intrathecal penicillin 
cently advocated by Lowrey and 
Quilligan®. These authors reported a 
group of 17 cases of the disease treated 
with intramuscular but without intra- 
spinal penicillin, in conjunction with 
Fourteen of these patients 
recovered. These results are impressive, 
but their series is too small for definite 
\s mentioned previously, 
an attempt to treat 5 patients in the 
current series without intraspinal peni- 
cillin successful in only 2 
instances. It unwise at 
rely intra- 
of the antibiotic. How- 
without intrathecal 
penicillin deserves further investiga- 


injection. 


collaborators. 


occurrence of an untoward 


Was rec 


sulfadiazine. 
conclusions. 


proved 
would seem 
present to solely on the 
muscular use 
ever, treatment 
tion. 

In this study it was difficult to evalu- 
ate properly the role of the adjunctive 
It is of interest to 
note that mastoidectomy seemed neces- 


use of sulfadiazine. 
sarv in but a small number of cases. 
With to sequelae it has 
already been noted that all patients 
had damage were 
infants less than a year of age. In one 
of these infants spinal block was pres- 
ent before therapy was instituted. In 
the cases reported by Lowrey and Quil- 
ligan’, 2 instances of brain 


regard 


who serious brain 


there were 2 
damage, although the patients had not 
received intrathecal therapy. It is obvi- 
ous, therefore, that neurologic sequelae 
can be the direct result of the men- 
ingeal infection. To what extent, if 


any, intrathecal penicillin contributes 


ill 
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toward the development of such = re 
sidua is a matter of speculation. Llow 
ever, these sequelae constitute a serious 
problem which requires intensive study 

Summary and Conclusions. 1. In 125 
of 
meningitis, penicillin was administered 
intrathecally In 
addition, all the patients were treated 
with 


consecutive cases pneumococci 


in all but Z instances. 


penic illin intramuscularly and 


ot 


usually 


most them received also a sulfona 


mide sulfadiazine 

The method of treatment and dos 
ige have been described. It was found 
that, with 


intrathecal 


tew exceptions the larget 


doses ot penicillin have 


NI 


An 


intramuscular but without intraspin 


atte! ipt to treat 5 patients wit! 


Perle illin. in Conjunction with sulfadi 


nie prove successful in only 
nstances 

~ 

». In this series there were only 


few instances in which a complicati: 
attributable to 


| administration of pene illi 


or reaction Was 
intratheca 
The 
or complic ation should not be a dete 
rent to the ad 
intraspinalh 


] 
Neurologi 


at 


rare occurrence ot such a reacti 
ministration of penicill 


sequela were encou 


tered all number of cases 


been well tolerated instances of serious brain damage wer 
3. Of the 125 patients, 92 recovered all in infants under 1 year of age ‘ 
and 33 died. representing a recovery 7. In this series it was difficult 1 
rate of 73%. The prognosis Was de¢ id evaluate prope rly the role of t| ( 
edly worse in the older age groups adjunctive use of sulfadiazine 
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fue chemical or physical mechan 
is by which hormones affect meta- 
lic reactions in mammalian. tissue 
e so tar escaped recognition. For 
imple it is easy to demonstrate 
irked effects of insulin upon tissue 
tabolism, but no one has conclus- 
ely shown how these results are 
ught about. It is obvious that herein 


i fundamental problem of diabetes 


se solution would contribute great- 


o our understanding of the diseass 
Ch 


e most popular current assumption 


that insulin affects the milieu of 
enzvmes which catalyze — the 
tiple reactions concerned in the 


tabolism of fat proteins, and carbo- 
lrate. The possibility of narrowing 
irch to one or perhaps a few 
s greatest when the enzvme 
cell-free. Naturally. 
experiments have been done with 
but 


insulin effects in cell-free 


Vines 1 
aration IS 


vstems 
ot 
ms have been reported and these 


to date. few demon- 


ns 


been difficult to reproduce. 

sharp contrast to this situation 
ts of insulin upon the metabolism 
tact cells are easily demonstrated. 
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The systems used may vary from the 
intact animal to some isolated surviv- 
ing tissue such as the intact perfused 
heart, or the rat diaphragm. As is well 
known, the latter, when equilibrated 
aerobically with glucose, utilizes glu- 


cose and synthesizes glycogen 


more 
abundantly in the presence of insulin. 
yf not intact 
cellular morphology is an obligatory 


require ment for insulin action, the first 


Regardless ( whether or 


step in the action of insulin in cellular 
be 
attachment to, some morphological ele- 
of the intact cell. We have in- 
vestigated this phase of the action of 


svstems must its entrance into, or 


ment 
insulin and have demonstrated a direct 


insulin with 
the intact muscle cell by the following 


chemical combination of 
exploratory experiment: 

\ hemidiaphragm from a normal rat 
was equilibrated for 1 minute in a 
phosphate-saline medium containing 
0.1 unit of insulin per ml. The dia- 
phragm was then removed and washed 
twice in a large volume of medium. It 
was finally equilibrated in medium con- 
taining glucose but no added insulin. 
At the of 90 the final 


end minutes 
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glycogen content of the diaphragm was 
determined. The companion hemidia- 
the 
same way except for the omission of 


phragm was treated in exactly 


the insulin during the initial 1-minute 
period. Invariably the hemidiaphragm 
which had been exposed to insulin for 
this brief period synthesized more gly- 
cogen than the control. 

The successive transfers diluted the 
insulin in the original medium to a 
final concentration of 10° units per ml., 
to have 
effect on the diaphragm. We interpret 


much too insignificant any 


these exploratory experimental results 
to indicate that (a) 
liminary 


during the pre- 


l-minute exposure insulin 
with con- 
stituent of the muscle cell and (b) the 
combined insulin exerts its customary 
effect stimulating 


thesis from glucose 


combines chemically some 


in glycogen syn- 

These conclusions have been abund- 
antly supported by innumerable sub- 
sequent experiments which are out- 
lined in this and the accompanying 
papel 


Methods. Rats. Male albino rats of the 
Wistar strain were used. Unless otherwise 
noted, the rats were sacrificed by decapita 


tion 24 hours after the 

Viedium. This had the following composi 
0.040 sodium phosphate O.OST M 
sodium chloride, 0.005 M chlor 
ide, pH 6.8 


last feeding 


tion 


magnesium 


Insulin. Unless otherwise stated, this was 
Lilly amorphous insulin powder (Lot No 
W 1302 It was dissolved in the medium at 
the desired final concentration 

Glucose. Unless otherwise stated, this was 
present at a concentration of 0.2% only du 
ing the 90 minute assay pe riod 

Method of Handling Diaphragms. The fol 


lowing pattern developed quickly and becam« 
the the 
of this norm are noted in detail 


norm of experiments. Modifications 
[wo oper 
itors rformed the various operations in 
each experiment. They alternated in positions 
ind operations for each rat so as to distribut 
Fol- 
lowing decapitation, the abdomen of the rat 
was opened and the abdominal aspect of the 
The 


small] 


unconscious bias in handling technique 


ensiform 


nic k 


dia yhragm ex 
| 


lifted 


pre CeSS 


was and a made in the 
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balloon 


diaphragm was cut along the thoracic bord 


diaphragm causing it to 


and around the great vessels so that the 
was no gross bleeding. Alternately right ar 
left hemidiaphragms were used as conti 
ind test tissue respectively 

Equilibration With Insulin. After remo 
the hemidiaphragms wer weighed on 
torsion balance and kept temporarily on t 
i Lore ot small be ikers Phe be ikers contain 

mil. of pl sph ite-saline medium. Insul 
Was prese nt one at a given concentrati 
Phe diaphr were now simult meou 


placed in their respective media and agitat 


by rotation for a given time. The te mperat 
during equilibration with insulin was 25 
1° C. unless otherwise noted 

Washing Period. Following the « juilil 
tion with insulin the diaphragms wer 
moved from the beakers with small fore 
Phe accumulated hanging drop ot me 
was removed by touching to filter pay 
Each diaphi was pla ed in 25 ml 
medium and ritated for 0 seconds 
diapht igims were then removed, the ex 
medium drained as befor ind the wash 
procedure repr ted once. It was calcul 
that the insulin in the ) nal medium 
diluted ipproxin itely 107 times bv this 
cedure 

Assay Perio Each he nidiaphragm 
then placed in a suitable vessel (usuall 
Warburg vessel) containing 2 ml. of | 
phat saline medium with idded glucos 


was identic 


medium in t assay pel od 


each hemid phragm t phosphat 
medium plus 0.2% glucose, unless other 
stated. The vessels wer issed with lL 
oxvgen and placed in a water bath at 35 
ind shaken for 90 minutes. The he 
phragms were then removed and_ anal 


‘In some experiments oxygen 
deten 
issay period Oxygen upt ike 
the conventional War 
method. In experiments in which 
utilization was measured the initial and 
content of iliquot of the n 
was determined after deproteinization 
ZnSO, and Ba(OH 


for oly ogen 
take 


during the 


and glu se utilization were 


determined — by 


glucose an 


Presentation of the Data. The « xperi 
in this and the accompanying paper 
designed to study the influence of \ 
factors upon the chemical combinati 
insulin with muscle tissue occurring 


a brief preliminary equilibration period 


assumed that an enhanced ability of tl 
hemidiaphr 1igmMm compared to the contr 
glycogen or utilize glucose 
no added 
this combi 


synthesize 
a subsequent assay period 


being prese nt is proof of 


out 


ti 
( 
9 
in 


CHEMICAL COMBINATION OF 
the ike of brevity this effect is termed 
ilin effect i.c., the final glycogen of 
idl iphragm less that of control hemi 
phi Glucose utilization and oxygen 
ake are expressed as micromoles per gram 
ht of diaphragm. Glycogen is ex- 
in all cases as micromoles of glucoss 
lent per gram wet weight. For the 
f completeness, the final glycogen con 
f the control he midiaphragm is recorded 
b] The final glycogen contents ot 
trol hemidiaphragms in the later ex- 
were close to those reported in 
ind have therefore not been included 
tables Phe glycogen synthesized may 
proximated by subtracting 5 uM/gm 
s the mean initial glycogen content 
onditions of out experiments Phe 
ulin effects recorded are the means 
| differences of the final glycogen 
ft 6th experimental and control 
Phe standard error of the 
leulated in all cases. To determin 
EFFECT OF TIME OF 
OF INSULIN WITH THE I! 
with insulin: O.1 unit per ml; t 
it os ( ma phosphate saline 
Mean Final 
Glycogen, Control 
Hemidiaphragm 
Exper is Micromoles 
t Glucose gm 
15.3 + 0.25 
15 19.3 +061 
6 15.9 1.00 
16.2 + 0.27 
16.3 1.35 
r an effect of insulin is significantly 
t from zero, the value of Fisher's t 
lated Phe probability P) corre 
to this t and to the de grees ot 
nvolved (N-1)- is recorded the 
reneral a value of P 0.05 is 


is Supporting the hypothesis that 
lin effect is significantly different from 
other that 
th the muscle during the preliminary 


words insulin has com- 


\esults. Effect of Time of Equilibra- 
With Insulin at Constant Insulin 


( ntration. In Table 1 are reported 

ments in which diaphragms from 
24-hour fasted rats were equilibrated 
it hosphate-saline medium with 0.1 


init of insulin per ml. for varying 


4 
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periods of time. At this concentration, 
a small but significant increase in gly- 


cogen synthesis was obtained after 
equilibration for 10 seconds. The maxi- 
mum insulin effect occurred after 


equilibration for 1 minute. Increasing 
the time of equilibration beyond | 
minute does not cause any increase in 
the insulin effect. These findings dem- 
onstrate the extreme rapidity of the 
combination of insulin with the dia- 
phragm. 

The final content 
of the control hemidiaphragm after 90 
minutes’ equilibration is approximately 
15 »/gm. Since the initial glycogen 
content of the fasted rat diaphragm is 
5.0 per the 
control diaphragm synthesized approxi- 


mean glycogen 


about micromoles gram, 


EQUILIBRATION ON 
SOLATED RAT 


THE COMBINATION 
DIAPHRAGM 


indi ited he low 


Assay period 90 minutes 


medium containing 0.2% glucose 
ASSAY PERIOD 
Mean Insulin Effect 
n Glycogen Svnthesis 
is Micromoles 
Gh vin t P 
2.0 + 0.41 1.9 0.05 
5.8 + 0.54 10.7 0.001 
1.5 + 0.45 10.0 0.01 
5.0 1.45 3.4 0.01 


mately 10 micromoles of glycogen. The 
results with the test hemidiaphragms 
show that preliminary exposure for 1 
minute longer to insulin at 0.1 
unit/ml. increased glycogen synthesis 


or 


50% over the controls. 

The Effect of Varying the Concen- 
tration of Insulin at a Constant Time 
of Equilibration. When the period of 
equilibration with insulin was kept 
constant at 1 minute, there was an in- 
crease of the subsequent insulin effect 
on glycogen synthesis when the insulin 
concentration was increased from 0.01 
unit per ml. to 1 unit per ml. Equili- 
bration with insulin at a concentration 


of 1 unit per ml. for 1 minute brought 
about an increase in the subsequent 
elycogen synthesis which was clese to 
that obtained in experiments in which 
insulin was present during the entire 
period ot equilibration with glucose 
Insulin Effect with Different Types 
of Insulin. The rapid combination of 
insulin with muscle cells occurs with 
a wide variety of insulin preparations 
The data in Table 
amorphous, Lilly protamine-Zn-insulin 
special Zn-free obtained 
through the kindness of Dr. Sahvun of 


3 shows that Lilly 


insulin 


TABLE 2 THE EFFECT OF CONC] 


Equilibration with insulin: 1 minute at the 
minutes at 4S ( 
M 
N 
I I ( 
0.0] - 
0.10 15 = 
0.50 Q RR 
1.00 
PABLI THE COMBINATION 


WITH THE ISOLATI 


Equilibration minut 

inutes at 38° ( ] 

N 
flr | 

Lilly powdered insulin ().] 1G 
Zn-free insulin (Stearns 0.1 6 
Novo insulin 
Protamine-Zn-insulin 1.0 6 


WITH THE ISOLATI 


period: 90 minutes S° ( 
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OF INSULIN WITH THE ISOLATED RAI 


Inia phospl ite-saimne 1 dium containing 0.2 
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Frederick Stearns and Co.), or Danis 


Novo insulin each brought about 


highly significant insulin effect on gly 


| 
cogen synthesis in the assay perio 


The Effect of pH During Equilibr 


tion with Insulin Diaphragms Wel 


equilib ited with and without insuli 


at O.1 unit per ml. for 1 minute in th 


usual phosphate-saline medium a 
justed to different pli values. The di 
phragms were washed with medium 
pH 6.8 and the final glycogen det 


mined after 90 minutes equilibrati 
in medium of pt 6.8 containing 0 


NTRATION ON THE COMBINATION 
DIAPHRAGM 


| Assay. period 
] 
u 
] 

0.54 0.00 

1.O4 6.5 0.00 

S.8 0.06 


DIFFERENT TYPES OF INSULIN 


D RAT DIAPHRAGM 
Assay per 
0 lacos 
SSAY PERIOD 
( S 

\l 
( 
} | { 
6.5 0.21 1.0 ( 
8.5 15 


TABLE 4 THE EFFECT OF pH ON THE COMBINATION OF INSULIN 


D RAT DIAPHRAGM 


Equilibration with insulin: 1 minute at 0.1 unit per l. at lues of pH noted below 


2% glucose 


ASSAY PERIOD 


M Ir Effect 
pH Durir n Gh Sunt 
Equilibration N f is Micr 
With Insulin Expe t Gl I 
6 18 Be 6.3 0 
6.8 16 5.8 0.54 1O 0 
8.3 Y 43 0.93 1.6 0) 
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ucose. The data of Table 4 show that 


iere was no significant alteration of 


i extent of combination of insulin 


ith diaphragm over the pH range of 
to S.4 

rhe Effect of Temperature on the 
ynbination of Insulin with Dia- 


hragm. In Table 5 are reported exper- 


vents in which the equilibration with 
sulin was carried out at different 
peratures. The temperature of the 
say period was not altered. There 
s a definite increase of the insulin 
lect with increasing temperature dur- 

the equilibration with insulin. An 
rease in temperature apparently 

es more insulin to combine with 


iphragm 
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content after the usual 90-minute aero- 
bic equilibration in medium containing 
0.2% glucose was then determined. In 
3 experiments a mean insulin effect 
of 5.7 1.12 micromoles per gram per 
90 minutes was found, a value not 
different from aerobic controls. 

Effect of Varying the Composition of 
the Medium. In almost all of the ex- 
periments reported here the equilibra- 
tion of the diaphragm with insulin was 
carried out in the standard phosphate- 
saline medium of pH 6.8. In experi- 
ments, not tabulated, the equilibration 
with insulin (1 minute, 0.1 unit per 
ml.) was carried out in media of vary- 
ing Composition. The composition of 
the washing solutions and of the 


BLE & rHke EFFECT OF TEMPERATURE ON THE COMBINATION OF INSULIN 
WITH THE ISOLATED RAT DIAPHRAGM 


ith insulin: 1 minute at O.1 unit per ml. at the te mperatures noted below 
10 minutes at 58° C. in a phosph ite-saline medium containing 0.2% glucose. 
ASSAY PERIOD 
Me Ir 
n 
N ot is 
( Glu vin P 
} 4 <— 0.05 
) 16 5.8 0.54 10.7 0.00] 
4 6.58 > 0035 20.6 <— 0.00] 


he Effect of Anaerobiosis on the 
bination of Insulin with the Dia- 
mm. In order to determine whether 
presence of oxygen is necessary 
the combination of insulin with 
hragm to take place, —experi- 
ts were done in which diaphragms 

equilibrated with insulin under 
robic conditions. Diaphragms were 
ibrated in phosphate-saline medi- 
it 25° C. for 5 minutes in vessels 


d with nitrogen. Insulin was then 


d to one vessel to give a concen- 
n of 0.1 unit per ml. The experi- 
tal and control diaphragms were 
equilibrated anaerobically for an- 
minute. They were rapidly re- 

|! and washed twice in 25 ml. 


ms of medium. The final glycogen 


medium during the assay period were 
unchanged. Substitution of the stand- 
ard phosphate medium with 0.15 M 
NaCl, 0.3 M sorbitol, phosphate-saline 
medium in which 75% of the cations 
were potassium, or phosphate-saline 
medium containing 0.2% glucose did 
not result in any significant differences 
in the effects of insulin observed. 
Effects of Prolonged Washing Fol- 
lowing the Equilibration with Insulin. 
In the standard procedure there were 
2 half-minute washings in 25 ml. of 
phosphate-saline medium. In order to 
study whether insulin combined to the 
diaphragm can be removed by pro- 
longed washing a number of experi- 
ments were carried out in which the 
diaphragms were equilibrated in phos- 


STADIE, HAUG 


phate-saline medium for extended 
periods of time subsequent to the ex- 
posure to insulin. After equilibration 
with insulin the diaphragms were 
washed tor 1 minute in 25 ml. phos- 
phate-saline medium in order to remove 
insulin adhering superficially to the 
They then 


ferred to another portion of 25 ml. 


diaphragm. were trans- 


of oxygenated medium and 
brated for 15, 30. or 
final 


phragms were determined 


equili- 
60 minutes. The 
dia- 
atter 90 
equilibration in phosphate- 


glycogen contents of the 
minutes’ 
saline medium containing 0.2% glucose 
the data (Table 6 
cant effects of 


even atte 


show that signifi- 


insulin were obtained 


washing for 60 minutes 
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effects observe 
One of th 
hemidiaphragms was m ide identifiab! 
Both te 
Wel 


sible for th insulin 


was ruled out as follows: 


by a small nick in the edge. 


and control hemidiaphragms 
placed in the same vessel during tl 
90-minute 


equilibration of 1 hemidiaphragm wit 


assay period following tl 


insulin (0.5 units per ml.) for 1 minut 
In 3 experiments, when the control ar 
the pretreated hemidiaphragms we 
compared, a mean insulin effect « 
nuthesis of 1. Q 
1. It can be concluded tl 


insulin carried over int 


glycogen 
Was obse 
the traces of 


the assav medium were not sufficie 


to have anv. significant effect on t! 
| 


glycogen nthesis of the control ¢ 


There is apparently a gradual decrease — phragm. The experiment also indicat 
ABLE 6. COMB'NAT'ON OF INSULIN WITH TSOLATED RAT DIAPHRAGM 
EFFECT OF PROLONGED WASHING OF DIAPHRACM FOLLOWIMN 
THE EQUILIBRATION WITH INSULIN 
ration with insulin: 5 minutes at 0.5 units per ml. A | t 
in phospl ite-saline medium containing O 
SSAY PERIOD 
Mean Insulin Effect 
Time of Gh n Svnthe 
Washing N t is M 
Minut Exper t Glucose I 
l 0.68 115 0.0 
L5 5 12.2 0.84 13 0.01 
0 19 99 0.05 
60 2) 1.20 9 4 O.0F 
in the insulin effect with increasing that there was not enough loss 
time of washing. A long period of — bound insulin from the test diaphra 


washing is necessary, however, in order 
to abolish the effect of insulin. The de- 
crease in the insulin effect mav have 
been due to a gradual loss of bound 
insulin but it may also be a reflection 
of a loss of the ability of the diaphragm 
to svnthesize glycogen or respond to 
insulin. 

Equilibration of Control and Test 
Diaphragms in the Same Vessel During 
the Assay Period. The possibility that 
the infinitesimal traces of insulin car- 
ried over in the medium adhering to 
the diaphragm (and, therefore, not 
chemically bound) might be respon- 


to affect the metabolism of the cont 
diaphragm 

The 
Upon the 
Synthesis 


of Combined Inst 
Time of Glye 
\ striking indication of 
persistence of the combination of 


Influence 


Course 


sulin with the diaphragm is shown it 
Figure 1. A hemidiaphragm was equili 
brated with insulin at 0.1 unit per ml 


for ] 


test and control hemidiaphragms wer 


minute. Following washing 


equilibrated for varying periods 0 


time in medium containing 0.2% glu- 


cose and the final glycogen contents 


determined. There is a linear increast 


) 


\\ 
() 
ty 
] 
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the insulin effect with time, showing 
it the 


ects In an 


combined insulin exerted its 
unabated fashion for 60 
there is 
the 
lin-tissue complex during this time. 
untreated 
ragms during the first 60 minutes 
ws that 


ibled the rate of glycogen svnthesis. 


nutes. In other words, no 


lication of a dissociation of in- 


Comparison with hemidia- 


the combined insulin has 
The Effect of Varying the Glucos 
Concentration During the Assay Period. 


equilibration period with insulin 


{ INSULIN EFFECT ON 
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the higher insulin concentration (upper 
more insulin is bound and the 
the 


limiting factor so that an increase in 


curve ) 


glucose concentration becomes 


glucose concentration results in a 
marked 
At the glucose concentration 
the the 
sulinized hemidiaphragm is double 
that of the control. 

The Effect of Bound Insulin on Oxy- 
Uptake, Glucose Uptake and 


Glycogen Synthesis. In several experi- 


increase in the insulin effect. 
higher 
in- 


glycogen synthesized in 


gen 


' GLYCOGEN SYNTHESIS. 
AS MICROMOLES GLUCOSE 
PER GRAM 
| 
} 
iS 
bd 
10 ft e 
5 
“e 
.@) 15 30 45 60 75 90 
TIME OF EQUILIBRATION IN MINUTES. 
THE INFLUENCE OF COMBINED INSULIN ON THE TIME-COURSE OF GLYCOGEN SYNTHESIS 
{AL RAT DIAPHRAGMS. One minute equilibr ition with insulin at a concentration of 1] 


|. followed by 2 washings in 25 


mil 


ifter equilibration for various times in medium containing 0.2% glucose. Each 


phosphate saline medium. Final glycogen 


e above figure represents the mean of the insulin effect in 4 separate experiments 


| minute and the insulin concen- 
nm 0.1 and 1 unit per ml. respect- 

The glucose concentration varied 
I 0.2 to 1.0% the 


during assay 
p |. The experimental results re- 
| in Figure 2 show that (a) 
\\ the insulin concentration was 
0 


nit per ml. (lower curve) there 
\ 0 significant increase in the in- 
effect when the glucose concen- 
1 was increased from 0.2 to 1.0%. 
\pparently the 
becomes the limiting factor in 
sing glycogen synthesis. (b) At 


amount insulin 


the analytical measurements 
were not confined to the determination 
of glycogen but oxvgen uptake and the 
from the 
medium were also measured during the 
assay period. In none of these experi- 
ments was a significant effect of insulin 
on oxygen uptake observed. The effect 
on glycogen synthesis, however, was 


ments 


disappearance of glucose 


reflected in a concomitant increase in 
glucose uptake. This is seen in the 
results presented in Table 7. There is 
approximately a 100% increase in both 
glucose uptake and glycogen synthesis. 
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halt of 
glucose utilized is accounted for 
the 
phragm exposed to insulin and in the 


It is observed that only about 


the 


as glycogen synthesized in dia- 


control. 

Discussion. It has been demonstrated 
that the isolated rat hemidiaphragm, 
after a short preliminary equilibration 
solution containing insulin, 


a 


hibits an increased glucose uptake and 
to 
trols. This observation is interpreted to 


glycogen synthesis compared con- 


mean that a chemical combination otf 
insulin with structural units of muscle 


ISULIN EFFECT ON 
OGEN SYNTHESIS 
CROMOLES GLUCOSE 

PER GRAM 


0.2 0.4 
GLUCOSE 


PERCENT 


[THE EFFECT 
CONCENTRATIONS OF 


i ie OF COMBINED INSULIN 


GLUCOSI 


or 1 unit per ml. followed by 


10 minutes equilibration in medium containing different concentr 
in the above figure represents the mean of the insulin effect in 


cells of the diaphragm takes place 
rapidly; that this combination is not 
easily reversed; and that the combined 
insulin exerts its customary metabolic 
effects during the subsequent period 
of equilibration with glucose. 

The concept that a chemical reaction 
between insulin and some muscle con- 
stituent takes place is supported by 
the that the ot 
insulin are dependent upon the time 
of of the diaphragm with 


observations effects 


contact 
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UPON 
One minute ¢ juilibr ition witl 


2 washings in 25 ml 
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insulin, the concentration, and on tl 


temperature during equilibration. 
\ simple diffusion of insulin 
the diaphragm appears to be ruled 
the of the 
rapidity of the reaction and by 


by demonstration 
irreversibility 
ot eflect 
prolonged washing, and by the 
ot 


equilibration w ith glucose. 


ervation an insulin 


tained action insulin during 


The speed 


remarkable 


by the diaphragm is 


extren 


manifested by the pre 


SI 


t 


of the uptake ot insu 


Sj 


nificant effects were obtained after o1 


0.6 


DURING SAY PERIOD 


PHI SYNTHESIS OF GLYCOGEN AT VAI 


h insulin at a ce 
medium. Final glycogen determined 
rlucose ich 


itions of 


6 or parate 


more Sse} 


xpe rll 


10 seconds equilibration and the 1 
imum insulin effect was obtained 

about | 
effect of insulin has, for the first t 


minute. By these finding 
been sharply localized in time. 
It is tempting to speculate on 
problem of the locus of the att 
ment of insulin to the diaphragm 
most attractive hypothesis seems t 
that it combines with the outer 
face of the muscle cells. The qu 
then of the in 


arises whether 


nceentration o! 


= 
| 
/ 


COMBINATION 


| € 
M 
Glucose 


YAPHRAC 


RAI 


ATED 
32.4 


ISO] 


M 


1.66 


( 
168 
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phosph ite 
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Control 
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exerts its action in metabolism after 
being further transported into the 
interior of the cell, or whether the site 
of attachment on the surface of the 
cell is also the site at which it exerts 
its metabolic effects. Such effects could 
be brought about by an alteration of 
the permeability of the cell wall to 
certain metabolites or by a regulation 
of enzymatic reactions. taking place 
at the cell surface. However, these are 
qauestions that cannot be answered at 
present. 

Only the crudest estimation of the 
amount of insulin bound can be made. 
If the site of attachment is the cell 
surface, the insulin must first traverse 
the covering thoracic or abdominal 
mesothelium and the sarcolemma. The 
rate of diffusion through these lavers 
during the short exposure to insulin 
would then limit the amount which 
could be chemically bound. Assuming 
that the muscle substance offers no 
more impediment than water to the 
diffusion of insulin it is possible to 
calculate the amount which could 
diffuse into the diaphragm during the 
time of equilibration. A definite insulin 
effect was obtained in 1 minute when 
the concentration was 0.1 unit per 
ml. Under these conditions it can be 
calculated that the amount which 
diffuses into the diaphragm is approx- 
imately 0.0001 unit per of 
muscle. This estimation, although 
crude, and based on the assumption 
that insulin must diffuse into the dia- 
phragm for a considerable distance 
before it can combine chemically with 
a muscle constituent, indicates that 
the amount undergoing chemical com- 
bination with the diaphragm is ex- 
tremely small. This estimate is, of 
course, a maximum, and the real value 
may be much less. It is possible to 
infer, however, that remarkably small 
amounts of insulin rapidly combining 
with tissue structures may produce 
profound changes in metabolism. 


in 
Sy 
— 
~ f 
~ 
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Whatever the amount of insulin 
involved, we have concluded from the 
findings reported here that the first 
step in the action of insulin on muscle 
tissue is a rapid chemical combination 
with a muscle constituent. The precise 
meaning of this binding of insulin by 
muscle tissue in the problems of car- 
and diabetes 


bohvdrate metabolism 


be 


more experimentation. In the accom- 


cannot discussed without much 


panying paper evidence will be given 


which shows that the phenomenon 
may controlled endocrine 
tactors. 


Summary. 1. Rat hemidiaphragms in 
contact with insulin for 1 minute o1 
less show an increased rate of glycogen 
synthesis and glucose uptake compared 
to controls when equilibrated for 90 
minutes without insulin. This has been 
interpreted as evidence for a chemical 
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2. The combination of insulin wit 


the diaphragm occurred within 
seconds and reached a maximum at 
the 


pel 


minute. Increasing 
0.1 to 1.0 
ina pronounced increase of the insuli 


effect. 


from unit ml. 


3. Raising the temperature from 0 


C. to 38° C. during the 1 minute equi 
ibration period resulted in an increas 
the d 


phragm. Changing the pH during th 


combination of insulin with 


period had no effect 


Novo 


insulin 


zinc-tree 


Amorphous 


sulin, and protamine prove 
equally capable of combining with t 


rat diaphragm 
5. It is concluded that the first st 
in the action of insulin on the metal 


lism of intact tissue is a rapid and fir 


combination of insulin with rat dia- attachment of the insulin molecul 
phragm. the cell. 
We wish to express our appreciation to Phyllis Staple vy Tuddenham, Marv-Ellen M 


ind William J 


King for their expert technical assistance 
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INFLUENCES ON THE CHEMICAL COMBINATION OF 
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M.D. 


AND 
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PHILADELPHIA 


John Herr Musser Department of Research Medicine 


In the preceding paper! it 

wn that insulin combines chemically 
vith muscle tissue (diaphragm ) of the 
it with remarkable facility. The 


combination 


Was 


tissue- 


sulin resists the dis- 


ciating action of prolonged washing 
and the 
mbined insulin, presumably present 
ninute amounts, increases the ability 
the tissue to utilize 


glycogen. 


the insulin-free medium, 


glucose and 


Since no extra 
during the 
metabolic 


the SIZC 
| 


lin present assay 
pre- 
ibly due to some physical or chemi- 
action of the 


The discovery of this phenomenon 


od these effects are 


combined insulin. 


es many questions, foremost among 
whether the 
usulin with tissue is a 


n being combination 
prerequisite 
s physiological action and whether 
combination of insulin with the 
e is influenced by hormonal fac- 
In the first paper we have studied 
ifluence of a variety of factors on 
reaction; in this paper we report 
flects of the 
idocrine 


antecedent removal 

glands, and of the ad- 

tration of various hormone prep- 

ms under different experimental 

experimental methods and the 

presentation of the data are identical 


\LARSH, 
PENNSYLVANIA 


M.D.+ 


University of Pennsylvania 


with those previously reported! and 
need not be repei ated here. 

The extent of the combination of 
insulin with the diaphragm is meas- 
ured by the 


thesis 


in glycogen syn- 
final 
equilibration without insulin in a phos- 
phate-saline containing glu- 
in the insulin effect 
on aane synthesis has been inter- 
preted as evidence for a decrease of 
the extent of with the 
diaphragm. 

The Combination of Insulin with 
Isolated Diaphragm from Alloxan-Dia- 
betic, Adrenalectomized, and Hypo- 
physectomized Rats. The metabolic 
state induced by injection of alloxan 
in the rat diminishes the ability of the 
diaphragm to with insulin. 
This is shown (Table 1) by a sharp 
diminution of Ps insulin effect meas- 
ured in the assay period. The degree 
of refractoriness to insulin appears to 
be correlated with the severity of the 
diabetes as indicated roughly by the 
level of blood sugar at the time of 
sacrifice. Somewhat surprisingly, adren- 
alectomy and hypophysectomy had no 
effect on the combination of insulin 
with the diaphragm (Table 1) 

The Combination of Insulin with 


increase 
over the control in the 
medium 


cose A de ‘crease 


combination 


ported in part by grants-in-aid from the National Institutes of Health, United States 


I Health Service, and the 
tdoctoral Research Fellow of the 


Insulin Grant Committee 
National Institutes of Health. 


of the Lilly Research Laboratories. 
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with Pituitary and Adrenal Cortical or more pituita 


rABLE 1] EFFECT OF ENDOCRINE ABNORMALITIES IN 
ANIMALS ON THE SUBSEQUENT COMBINATION 
WITH THE RAT DIAPHRAGM 


Equilibration with insulin: 0.1 unit per ml. for 1 minute Assay 


in a phosphate saline medium containing 0.2 


ASSAY 
Mean Insulin fte 


500 mg. % at the time of sacrifice. The rats in the severely diab: 
values greater than 500 mg 
Adrenalectomized 6 davs be fore use and maintained Or 
§ Hypophysectomized an average of 1 week before uss 


chloride solution. The suspension was pituitary fractic 
centrifuged at 8000 RPM for 5 minutes the active pl 


experiments with crude pituitary ex- 


1 Glycogen Svynt 
Exper No. of is Micr 

\ il Experiment Glue 
\ormal 15 5.8 0.54 
Mild diabetic® LO +29 1.22 
Severe diabetic® 7 0.1 + 1.26 
Adrenalectomized# 5 + 4.9 + 1.54 
Hypophysectomized§ + 6.] 

* Rats made diabetic by intraperitoneal injection of 160 mg./kil 
rhe group designated as mildly diabetic consisted of rats having b 


‘inciple 


rv tactors are 


THE EXPERI 
OF INSULIN 


Isolated Diaphragm from Rats Injected — tracts reported above indicate that on 


capabli 


Extracts. A 1:1 extract of whole beet of influencing the ability of the dia 
anterior pituitary gland was prepared = phragm to combine with insulin. A 
by grinding the glands with sand and number of experiments were carric‘ 
extracting with cold 0.15 M = sodium out with more or less purified anterio: 


MIENTAI 


riod 0) tes t 53 ( 
PERIOD 
10 () 
2.4 0) 
1. ] 
( im nohwar 
lood sugar values less 
tic group | id hlood 


iC] 


ms. It was found t] 


glands with 


followed t 
and the supernatant used. Three ml. growth hormone in fractionation pr 
was injected intraperitoneally and the cedures and_ that crystalline 


orow!t 
vl 


rat diaphragm removed after 20 hours. hormone was active in small doses 
It was found that exposure to insulin In preliminary experiments beet 


at a concentration of 0.1 unit per ml. terior pituitary glands were  fractir 
for 1 minute did not result in a signifi- ated according to the method of 
cant insulin effect on glycogen syn- Wilhelmi, Fishman and Russell*. A 
thesis in the assay period (Table 2). fraction corresponding to fraction A 
This indicates that the injection of an- B + C of these authors was obtained 


terior pituitary extract has impaired — by precipitating the alkaline extract of 
the ability of the diaphragm to com- anterior _ pituitar 
bine with insulin. ethanol at pH 6.8. This fraction « 
Injection of 1 to 4 ml. of adrenal tains most of the growth hormone ol 
cortex extract (Upjohn) 2 hours prior the original alkaline extract. No ellect 
to the removal of the diaphragm had of insulin was observed in experi- 
no effect on the combination with in- ments with diaphragms from rats in 
sulin. jected 20 hours earlier with 35 mg. of 
The Combination of Insulin with — this preparation. The activity of he 
Isolated Diaphragm from Rats Injected _ preparation was destroyed by heating 
with Purified Pituitary Fractions. The for 10 minutes at 70° C. 


The at 


lability of the active factor corres] ds 


++ 
tor 
E 
en 


Cl 


IEMICAL COMBINATION OF 


that of the growth hormone which 


stated to be inactivated by heating 


70 to 80° C.-. 


Further experiments with purified 


terior pituitary fractions are recorded 


Table 2. The insulin effect on gly- 


ABLE 2. EFI 


ON 


wit 


one t 
rmonet 


crowtl 
crowtl 


rrowtl 


ECT OF INJECTION 
rHE SUBSEQUENT 


Ol 


THE ISOLATED 


h insulin: O.1 unit per 
mia phosphate saline 
xper t i 
12 ml 
7 lto4dml 
6 13 me 
6 5.0 mg 
5 5.0 me 
6 mg 
6 LO mg 
6 LO meg 
6 0.25 mg 
! 
12 0.50 mg 


mil. fe 


I 


Q77 


NSULIN WITH RAT MUSCLE ae 


rats is capable of inhibiting the com- 
bination of insulin with the diaphragm. 

Among the active preparations was 
a crystalline growth hormone prepared 
by Armour and Co. (Lot 22KR2) stated 


to be the purest preparation so tar 


ANTERIOR PITUITARY PREPARATIONS 


COMBINATION OF INSULIN WITH 


RAT DIAPHRAGM® 


minute Assay period 9O minutes at 58° ¢ 


medium containing 0.2% glucose 


20 


ASSAY PERIOD 


Mean Insulin Effect 
(5) wen Synthesis 
is Micromoles 
Glucose n t P 
5.8 + 0.54 10.7 0.001 
1.5 + 0.78 1.9 0.05 
3.3 0.02 
Q5 150 6.55 0.0] 
6.1 0.01 
§.0 + 1.77 15 0.02 
3.1 1.37 9.3 0.05 
0.2 + 1.35 
2.8 + 1.43 2.0 
1.95 95 0.05 
0.1 + 2.04 


purified pituitary fractions were kindly supplied by Dr. A. E. Wilhelmi. 


7 fractions had little or no growth hormone activity. Fraction D was obtained from 


' ethanol fraction at pH 4.6. Fraction E was obtained from the 40% ethanol fraction 
H 4.6. Fraction 380-4 was the precipitate obtained from 0.1 M KCI at pH 5 in the 


crystall 


ization of the growth hormone. 


Lot WP-1l, Armour and Co. 
\ crystalline preparation (B-350) stated to be approximately 85% pure. 
* Crystalline growth hormone. Lot 22KR2, Armour and Co. This preparation is stated 
best of the Armour preparations so far obtained 


n synthesis in the assay period was 


significantly different from 


ZeCTO 


prior injection of highly purified 


irations of growth hormone. How- 
the injection of 3 different pitui- 


preparations stated to 


anv di 


ninution of the 


contain 
or no growth hormone did not 


insulin 


The experiments indicate that 
h hormone itself or a factor close- 


sociated 


chemically 


with 
h hormone when injected into 


the 


obtained by them. Of this substance, 
0.5 mg. injected 20 hours previously 
completely prevented the combination 
of insulin and diaphragm under the 
conditions of our experiments. Appar- 
ently 0.25 mg. was below the minimum 
active dose. 

The mean insulin effect on glycogen 
synthesis in the 36 experiments in 
which highly purified growth hor- 
mone preparations were injected was 
+185 + 083 (t = 22, P = 0.8). 


| 
\ 
Injection 
Hour 
( tract 
terior 
and 2) 
Upjohi 
betes 20 
20 
I ) 
20) 
‘ 20 
ne 
of = 
The 
litt 
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value is different 
but significantly 
lower than the insulin effect obtained 


This significantly 


from zero highly 
with diaphragms trom normal rats. 
In Vitro Effects of Pituitary Pre para 
the 
Rat Diaphragm. 


tions on Combination of Insulin 
with the An inter- 
relation between pituitary factors and 
insulin was also demonstrated by ex- 
periments in vitro. Two tvpes of ex- 
periments were done: (a) Experiments 
in which rat diaphragms were equili- 
brated with insulin in the presence of 
pituitary preparations b Experiments 
in which rat diaphragms were equili- 
brated in 


a preliminary period with 


pituitary preparations, washed, and 


subsequently exposed to insulin. With 
both 


types ot experiments controls 


were carried out with different tissue for 10 minutes had no effect on 
extracts and protein solutions combination of insulin with the 

In Table 3 are reported the results diaphragm. That the in vitro eflect 
of experiments in which diaphragms served with pituitary extract has 
were equilibrated in solutions of vari- certain specificity is indicated by 
rABLE 5. THE COMBINATION OF INSULIN WITH NORMAL RAT DIAPHRA 

IN THE PRESENCE OF VARIOUS SUBSTANCES 
| juilibi ition with insulin in the presence of the substa licated: | inute at O 
pe! nl Insulin was idded to the solution just bet reouw n of t} diaphi \ 
period minutes ina phosphate saline mediu ontainin rhucose 
SSAY PERIOD 
Mean Effect 
n Glve Svntl 
as Micre 

Experiment N f Rat Clue 
Normal controls 5 5.8 0.54 10 0.4 
pituitary extract 6 0.8 1.42 

10 pituitary extract 0.5 0.5] 

25 pituitary extract 6 9.4 0.79 0 ( 
| 10 pituitary extract heated 

to 70° C. tor 10 minutes 5 5.0 2.10 24 ) 

5 rat muscle extract 6 bd ().72 16 0 
1:10 rat brain extract ( ,9+ 0.50 78 
1:10 rat liver extract } 0.1] 0.59 
2.5% Cohn Fraction \ 

mainly serum albumin j 0.8 1.0 
ous substances with and without added demonstration that a normal lit 
insulin (0.1 unit per ml.). After 1 effect was obtained when diaphi gms 
minute equilibration the diaphragms were equilibrated in the prese 
were washed in the standard wav and concentrated extracts of rat bi ) 
the final glycogen determined after 90 muscle. However, a diminution the 
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minutes equilibration at 38° ( 


medium containing 0.2% glucose. 


The 


prepared 


we 
be 


phosphate salir 


crude pituitary extracts 


by grinding anterior 


pituitary glands in 
medium of pH 6.8, The supernata 
atter 


5 minutes was utilized. 


obtained centrifugation at 


RPM tor 
No effect of insulin was observed 
experiments in which diaphragms w« 


equilibrated with insulin in the pre 


ence of 1/3 or 1/10 crude pituitar 
extracts. When a more dilute extr 
was used the insulin effect obsery 
was positive, but significantly low 
than that obtained in the absence 


the medium. Th 


active pring iple involved is heat lab 


pituitary extract in 


since pituitary extracts heated to 70. | 


] 


id 


CHEMICAL COMBINATION 


sulin effect similar to that observed 
ith crude pituitary extract was ob- 
ined with 1/10 rat liver extract or 
ith a 2.5% solution of human serum 
bumin human plasma fraction \ 
btained trom Dr. E. |. Cohn). It 


pears that certain substances in vitro 
e capable of preventing the combina- 
n of insulin with the rat diaphragm 


hile others are inactive in this re- 
ect. Two modes of action of such 
bstances appear possible: (a) The 
ibstances combine with insulin and 


ereby prevent its combination with 


INSULIN WITH 


RAT MUSCLE 


When pre-equilibrated with the dia- 
phragm, no other substance tested was 
capable of preventing the subsequent 
combination of insulin. Serum albumin 
or rat liver extract which prevented 
the the ot 
insulin were inactive in pre-equilibra- 


combination in presence 
tion experiments. 

Preliminary experiments with par- 
tially purified anterior pituitary frac- 
tions have not enabled us to identify 
further the factor in crude pituitary 
extracts which is active in vitro. 
demon- 


We have not succeeded in 


e diaphragm. (b) The substances strating an effect in vitro of highly 
nbine in some way with the dia- purified growth hormone preparations. 
ABLE 4 PHE EFFECT OF PRE-TREATMENT OF THE DIAPHRAGM FROM 
NORMAL RATS ON THE SUBSEQUENT COMBINATION WITH INSULIN 
pre equilibr ited with the substances indicated and washed once betore exposure 
Equilibration with insulin: 1 minute at 0.1 unit per ml. Assay period: 90 minutes 
it 38° C. in a phosphat saline medium containing 0.2% glucose 
ASSAY PERIOD 
Mean I Effect 
Pin tI n Glycogen Svnthesis 
N t juilibratior wM | 
Rat Minu Glucose t > 
trol 5 5.8 + 0.54 10.7 0.001 
extract 6 | 29 + (0.49 5.9 0.0] 
extract 14 ) 1.0 O.5S 1.7 0.10 
rv extract aged 
t3s° ¢ 6 5 1.4 0.69 2.0) 0.10 
( hr ion \ 
I ibumin 5 39+ 1.18 3.3 0.02 
r extract 1] 5 + 1.06 3.6 0.01 


rm and prevent. the subsequent 
bination of insulin. 
hat the latter be 


ne that is operative in the case 


mechanism may 
tuitary extract is supported by the 

that the insulin effect on gly- 

svnthesis after 5 minutes pre- 
ry equilibration in a 1:10 pitui- 
‘tract is not significantly different 
ero. Pr equilibration in 1:10 
for | 
lowered the insulin effect 


pituitary extract minute 
cantly 
active principle in the crude 
ry extract is not destroyed by 


¢ for 1 hour at 38° C. 


For example, the equilibration of rat 
diaphragm for 5 minutes in a solution 
containing 0.5 mg. crystalline growth 
hormone (22KR2) per ml. had no ef- 
fect on the subsequent response of the 
diaphragm to insulin. These observa- 
tions indicate that the factor in crude 


pituitary extract active in vitro may 
not be the growth hormone. 
Discussion. The experiments re- 


ported here indicate that the rapid and 
stable combination of insulin with rat 
diaphragm can be influenced by pitui- 
tary factors. This has been demon- 
strated in vivo and in vitro. 

Following short exposures to insulin, 
the isolated diaphragms from rats in- 


jected with anterior pituitary prepara- 
tions responded metabolically to a 
lesser extent than did normal dia- 
phragms. We have interpreted — this 
finding as evidence for an interference 
by anterior pituitary factors with the 
initial combination of insulin with the 
diaphragm. However, our experiments 
do not exclude the possibility that the 
physiological action of combined _ in- 
sulin may be antagonized by pituitary 
hormones in the diaphragm or that 
pituitary factors mav have an _ inde 
pendent action on carbohydrate metab- 
olism of the diaphragm 

The injection of anterior pituitary 
fractions high in growth hormone ac- 
tivity and of crystalline growth hor- 
mone preparations rendered the dia 
phragm refractory to insulin under the 
conditions of our experiments indicat- 
ing that the attachment of insulin to 
the diaphragm was impaired. It seems 
certain that the active principle in- 
volved is the growth hormone itself or 
a factor closely related to it chemically. 

In vitro pre-equilibration with crude 
anterior pituitary extract also impaired 
the ability of normal rat diaphragm to 
combine with insulin. This indicates 
that some pituitary factor is capable of 
combining with the rat diaphragm in 
a manner similar to insulin. In con- 


trast to the in vivo experiments, growth, 


hormone preparations were inactive. 

alloxan-diabetic 
rats showed a diminished response to 
insulin which could be correlated with 
the severity of the diabetes. One de- 
fect in diabetic muscle may therefore 
be an impaired ability to combine with 
insulin, perhaps due to the presence 
of an excess of pituitary hormones. 
Diaphragms from 


Diaphragms from 


adrenalectomized 


We wish to express Our appreciation to Phyllis Staples 
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and hypophy sectomized rats combin« 
with insulin in a normal manner. 

The general problem of the mec! 
anism of action of hormones on cellular 
metabolism remains obscure. Our ¢ 
periments suggest that a combinati: 
with tissue constituents may be pr 
requisite for hormonal action. What 
ever the mechanism of action of pity 
tary hormones, the well known physi 
logical antagonism between insul 
and pituitary hormones has been det 
onstrated in isolated muscle tissue ai 
within sharply defined time limits 

Summary. The chemical combina 
tion of insulin has been studied in the 
isolated diaphragm from rats with « 


docrine abnormalities, o1 injected with 


various hormonal preparations. The 
vitro effect of anterior pituitary hor 
mones on the combination of insu 
with the diaphragm has also 
studied. The 
were made 


following observati 


l. Diaphragms from alloxan-diabet 
rats manifested an impaired ability 
combine with insulin Diaphra 1S 
from adrenalectomized and hypop 
sectomized rats did not differ f1 
normal in this respect 

Crude 


or purified growth hormone prey 


anterior pituitary extract 


tions when injected into the nor 
rat rendered the diaphragm refractory 
to combination with insulin. It has 
been concluded that the active 
ciple is the growth hormone or a 

tor chemically closely related to th 
growth hormone. 


3. Crude pituitary extracts in 


nd William J. King for their « xpert technical assistance 
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(HE EFFECT OF BODY POSITION AND REFERENCE LEVEL ON THE 


DETERMINATION OF VENOUS AND RIGHT AURICULAR PRESSURE 
By James O. Davis, Ph.D., M.D. 
AND 


NatHan W. SHock, Ph.D. 
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and Gerontology, Institute of Experimental 
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\losr studies of venous pressure have 
been made with the patient in a 
ine position, but a few investigators 

e determined venous tension with 
the subjects in a sitting posture. Early 
reported an increase in 
ious tension with the assumption of 

the sittir 
| Burwell* found the venous pres- 
to be slightly higher in 90° than 

15° sitting positions in a group of 


g position. Lvons, Kennedy, 


ormal subjects, but they reported 
pparent relation between the level 
enous pressure and the postural 
iigle in a given individual. Although 

evel to which venous pressure was 
stated, little 
ittention was given to it in considering 


rred was usually 


ves ll 


venous pressure with body 
von 
ently Winsor and Burch?'®!!, 
an auricular reference level 
wl they called the “phlebostatic 
found no significant difference 
be en venous pressure measurements 
in supine and various sitting 
positions in normal subjects. The phle- 
ostatic axis was defined as the line 
rsection of a frontal plane pass- 
ng alf the distance from the base of 
r hhoid of the sternum and the 
lon 1 of the body with a cross- 
il plane passing through the 4th 
ntercostal space adjacent to the 
eT] 


The clinical usefulness of venous 


pressure measurements would be great- 
lv enhanced in some cases if determi- 
nations could be made with the patient 
in a sitting posture. This is particu- 
larly true tor patients who are ortho- 
pneic and unable to relax in a supine 
position. Thus, the demonstration that 
cardiac patients as well as normal sub- 
jects show no significant variation in 
venous tension in different body 
positions would be of practical impor- 
tance. 

In preliminary experiments it was 
found that even when the phlebo- 
static axis of Winsor and Burch was 
used as a reference level with sub- 
jects in a sitting posture, normal indi- 
viduals showed high venous pressures. 
Consequently, the present study was 
undertaken to investigate the effect of 
changes in posture on venous pressure 
measurements. Since Burch and associ- 
11 used a water or an aneroid 
manometer with an air-filled svstem for 
the measurement of venous pressure, 
a comparison was made between such 
a manometric system and the mano- 
meter of Moritz and von Tabora® 
which was used in this study. The 
present report also includes data on 
measurements of right auricular pres- 
sure in supine and in 45° sitting 
postures with use of the technique of 
cardiac catheterization. 


ates- 


Experimental Procedures. Subjects for study 
were selected from the Infirmary (Old Peo- 
(281) 
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Home ind the W irds ot the Balti take Mie Sure were mace OVeCT a pel 
tv Hospitals of 5 to 1O minutes, and the average ol 
L. Comparison of Manometers Ven US pres least 3 readings was recorded 
re was measured with the phi bomano 5 Reliabilit of Repe ited Observati 
eter of Burch and Sodeman? and the mano Supine \ uli f venous tension were 
ter of Moritz and van Tabora® in 51 pare | before and after tilting the patient 
subjects clude a five normal 45° position The venous pressure me 
individuals, b 20 patients with various ents used the reliability analvsis 
seases including compensated heart obtained fre data tro the study of 
nd (c) 6 cases with congestive heart failure effect of tiltin Part 5 
| h subject rested trom LO to 15 minutes } tect i Posture Venous Pre 
before venous pressure measurements were A. Compar t Ven Pressure in Su 
nade Novocaine 19 Was injected asa local with Sitti | ions Phe subjects 
inesthetic betore insertion of the needle into illowed to rest t LS minute ina 45 { 
veln Venous pressure Was Iii isured first position bet I nous pre ure Was } 
with the phlebomanometer of Burch and Measurements were then made in the 
Sodeman 5° sittin tion, a supine position 
Without removing the needle from th gain in a 45° sitting and a supine post 
vein, the adaptor of the phlebomanometer LO ndividuals studied included | 
Wis disconnected and the saline manomete! normal subject ind p tients with chr 
ttached to the needle. Venous pressure Was disease Phis periment was pe rformed 
easured by allowing saline to run into the the subject in a bed 
vein until equilibrium was reached. The zero B. Serial Measurements of Venous Pr 
point on the manometer was set at the veni with Changes in Body Position. Venor 
puncture level Determinations were ice sion was deter ned at t miter 
ntil 3. re idings varied less than Ll cm ot In (a 1 supine position h itter assul 
saline: the average of these three readings 15° sitting position ind ifter rest 
was recorded. the supine posture in 10 normal subje 
The hydrostati pressure from the right In this experiment, and all subse juent 
uricular reterence level to the venipuncture except in sections 6 and 8S, venous pr 
site was determined by means of a spirit level measurements were m ide with the subject 
ind a metal tape Phe reterence level of i tilt table The tilt table was so const 
L.vons Kennedy and Burwe lls of 10 cm that the he d end ce uld be raised to 
from the surface of the examination table was 15 60 or YU ingle bending the | 
used [The uncorrected manometer re iding it the hips or the entire table coul 
minus the hydrostatic pressure vie Ided_ the tilted from the horizontal position t 
corrected venous pressure same angles 
> General Procedure for the Study of the C. Venous Pressure in the Supine | 
Effect of Postural Changes on Venous Pres- and in the 45° Sitting Position Betor 
sure. The Moritz and von Tabora manometer After Resting 30 Minutes. Venous pt 
with a saline-filled svstem was used®. This measurements were rept ited on a subse 
instrument was chosen because of the dif dav on 8 of the 10 subjects on wh 
ficulty encountered from clotting in repeat serial measurements wert ide. After 
measurements with the phlebomanometer of readings were obtained, venous press! 
Burch and Sodeman. The subjects were il measured in a 45° sitting position The 
lowed to rest for 15 minutes before the initial was removed from the vein and the 
measurements. The zero point on the mano was allowed to remain for 30 to 45 
meter was set on a level with the phlebo in a 45° sitting position Following t] 
static axis of Winsor and Burch, or the period, the needle was rep! iced in tl 


was measured and venous 
pressure The 
puncture site was on the level with the refer- 
ence point for the heart or below this level 
an angle between 


hvdrostati« pressur 


corrected accordingly veni- 


The arm was abducted to 
15° and 60° and supported to prevent devel 
opment of muscle tension. Special attention 
was given to the comfort of the patient in 
to the of 


otherwise 5 


order minimize influence muscle 
tension stated, to 10 
minutes were allowed after a change in body 


posture before venous pressure readings were 


Unless 


vein and venous pressure was agall 
ured 

5. Effect on Venous Pressure of ! 
as Compared with Tilting. With uss 
tilt table, bending of the patient w 


pared with tilting. Venous pressure W 
ured in the following successive positi 


supine, b with the head end of 
board raised to a 45° angle, (« 

d) tilted to a 30° angle, (e) tilted t 
angle, and (f) supine. The 20 subje 


in this experiment consisted of nor 
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ind patients in whom treatment with measure intracardiac pressure. In the other 


for primary and secondary syphilis case, right auricular pressure was measured 
completion with the saline manometer and then with a 
; | fors Involved in the Rise of Venous Hamilton manometer®. The zero point on the 
An atte mpt was made to change saline manometer was set on a level with the 
‘ical relation of surrounding struc phlebostatic axis. Saline was allowed to run 
the subclavian and axillary” veins into the right auricle until equilibrium was 
omplished by passively support reached. Measurements with the Hamilton 
shoulder so that the clavicle was manometer were also referred to the phlebo 
anteriorly and superiorly. Phe he id State iXIS 
turned toward and away from the side J 
urement in an eftort to decrease Results. 1. ¢ omtiparison of Mano- 
re. Ten individuals including meters. The venous pressure in the 
bjects nd patients with chroni . 
ae ed po eens normal subjects and in patients with 
T¢ 
fect of changes in posture on 4 disease but without a pathological 
ith an abnormally high supine basis for venous hypertension ranged 
ure (above 200 mm. saline) wa from 33 to 159 mm. of water with the 
hree of the patients were in con 


rt failure: the other patient - had phlebomanometer of Burch and Sode- 

caval obstruction man and from 49 to 163 mm. of saline 
Relation Between Commonly Used with the apparatus of Moritz and von 
Points The eflect ot postural 


Tabora. The tension in the veins of 
cl us pressure as well as the 


. patients with congestive heart failure 
venous pressure as an 


f right auricular pressure — is varied from 71 to 345 mm. of water 


ipon the reference level used. with the instrument of Burch and 


tly, it is important to determine ~§odeman and from 69 to 337 mm. of 


ot ditt t t ete le els to ~ 
saline with the second method. Calcu- 


Anthropometric measurements 
on the 20 subjects presented in lation of the mean venous pressure 


determine the reference levels of | showed a value of 111 mm. of water 


| associates!, Lyons, Kennedy and hy the method of Burch and Sodeman, 
Moritz von Tabora®, von and 113 mm. of saline by the method 
usen!- ind Evster*. For compari 
eference levels were related to the Of Moritz and von Tabora. This differ- 
f the examination table ence was not. statistically significant 
( es in Right Auricular Pressure with (t 1.35: P 0.S-0.9: N ~ + aah 
n Posture. Right auricular pressure 2. Reliability of Repeated Obser- 
red in 2 normal subjects. one 
line manometer attached to an in. U@tions. Supine measurements of 
tracardiac catheter was used to Venous pressure did not vary signifi- 


nificance of the differences between positions were evaluated by calculating 
rding to the formula: 


x (x x ) 
\ N N 


ind x. are observations made before and after change in position. 


a & x 
N Mn aff 
diff OMn d 
diff 
\ N l 
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made before and after tilting was 0.9 Tension with Changes in Body Pos 


N 90). tion. When the patient assumed a + 
3. Effect of Posture on Venous Pres sitting position from a supine postu 

Sure \ Comparison of Venous Pres- the mean venous pressure increas 

ul 

Zz 

ail 

A 

A\ 

= 

= 


wy B 
al 
WY) 
Y) 
uJ 
oO 
O 
LJ 
> 
45 SUPINE 45° SUPINE 
SITTING SITTING 
BODY POSITION 
Fic. 1. The effect on venous pressure of changing body position from a 45° sitting post 


t supine position. Mean values for 10 subjects. Measurements: A, 45° sitting posture 


whether the patient rested for 15 by a slight drop in venous tensi 
minutes in a sitting position or was some cases (see Case J]. C., Fig 
changed to a sitting posture after the but the pressure levelled off wit! 


cantly between repeated observations were 155 22, 109 I7, 145 + 2) 
on the same patient before and after and 110 20 mm. of saline respec 
tilting to an angle of 45° (Fig. 3). tively (Fig. 1). The diflerence betwe 
The mean before tilting was 93 mm.; mean 45 and mean supine reading 
after tilting the mean was 95 mm. was 41 mm. (t 1.58: P 0.0 
t Lio: 0.9: N 20). The N iQ). 

correlation between measurements B. Serial measurements of Venor 


minutes rest in this position. B, supine position. ¢ 15° sitting position. D supine 

sure in Supine with Sitting Posture. from 87 lO to 145 1S mi 
Elevated venous pressure was observed _ saline (t 6.93; P < 0.01; N Q) 
in a_ sitting posture regardless of (Table 1). This increase was followec 


supine measurements were made. Mean 1I5 to 20 minute period and ren ied 


venous pressure in 4 successive posi- significantly higher than the supine 
tions (in a 45° sitting, supine, 45 values. In one case only (Case |. G 
sitting, and supine) for 10 patients Fig. 2), venous pressure remained con- 
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tant with the change in body posture. 


Vhen the subjects were returned to the 
ipine position, the mean pressure 
lropped from 145 1S mm. to 82 

QO mm. (t 8.44; P 0.01; N 10). 
(he final pressure recorded was not 
gnificantly different from the original 
Ipine values (t 1.76: P 0.S-0.9: 


\ lO). 
C. Venous Pressure in the Supine 


Position and in the 45° Sitting Position 


RIGHT AURICULAR PRESSURE PRD 
value of 91 13 to 142 22 mm. of 
saline (t 3.90: P < 0.01: N 8) 


for the sitting posture. After 30 minutes, 
the mean venous pressure for the 45 
150 24 mm., 
which did not differ significantly from 
the mean value obtained before the 
1.78; P 0.8-0.9; 


sitting position was 


rest period, (t 
N S). 

1. Effect on Venous Pressure of 
Bending as Compared with Tilting. 


sefore and After Resting for 30 The average venous pressures in the 
| | | | | | | 
4 
z= 
onal 4 
= 
= 
4 
uJ 
> 4 
= t 
ro) 
z 
uJ 
> 
0 20 40 60 
TIME IN MINUTES 
Serial venous pressure measurements (mm saline) in supine and in the 45° sitting 
1 subjects. Arrows indicate change in posture 
supine to 45° sitting , 45° sitting to supine © OO. Subject C. W. 
eee 
poo - {a 
a6 68 J. G 
\' nutes. With the exception of one supine, 45° sitting position, supine, 
Case J. C.), an increase in tilted to a 30° angle, tilted to a 45° 
is. pressure occurred with the angle, and supine positions were 95 + 
iption of the 45° sitting position 7, 145 + 9,93 + 7, 113 + 9, 140 + 10, 
e same subjects that venous ten- 95 7 mm. of saline respectively 


ecame elevated during the serial 
(Table 1). Venous 
pr ssure increased from a mean supine 


irements 


(Fig. 3). When the results of the entire 
group were considered, both bending 
and tilting the patient resulted in a 
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significant elevation in venous pres- 
sure (Bending, t 9.03; P 0.01; 
N 20; tilting, t B01: P 0.01; 
N 20). However, in 4 cases of this 


group, the tension remained constant. 
The difference between bending and 


tilting was insignificant (t 1.34; 
P 0.8-0.9: N 20). 
5. Factors Involved in the Rise of 


Venous Pressure. The displacement of 
the clavicle anteriorly and superiorly 
by supporting the shoulder resulted in 
a slight venous 


increase in pressure 


RIGHT 


AURICULAR PRESSURI 

the tension approach the supine value 
When the head was turned away fro 
the the 
pressure increased slightly. 


side of measurement, venou 

In 4 cases, the venous pressure i 
the supine position was above 200 mn 
of saline. In these patients, venou 
tension remained constant as the pos 
the -body 
supine to a partially erect posture. On: 
of the 3 patients with heart failur 


tion of was changed 


was studied again after cardiac con 
pensation had been accomplished an 


MM. SALINE 


ele 


O 


VENOUS PRESSURE 


SUPINE. 45° SUPINE 30 — 45° SUPINE 
SITTING TILTED 


BODY POSITION 


Fic. 3. The effect on venous pressure of bending as compared with tilting the subject. \ 


values for 20 subjects. Measurements in: A, 


supine position after 


15 minutes rest. B, after 


ing subject to 45° sitting position by bending at hips C, after return to supine position D 


tilting entire body to 30°. E, 
returning to horizontal position. 


in most cases. This rise in venous pres- 
whether 
the same or contra-lateral shoulder was 
moved anteriorly. 

Turning of the head toward the side 
of measurement often resulted in a 
slight reduction in venous 
(10 to 20 mm.), but 


sure occurred regardless of 


tension 
in no case did 


after changing body position from 30° to 45 


by tilting. | 


a normal supine venous pressure was 
present. This patient then showed th 
usual increase in venous pressure th 
the assumption of a 45° sitting postir 

6. Relation of Commonly Used 
Reference Points to One Another. ‘he 
results of 


anthropometric —meas:ire- 


to determine differe 


ments made 
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between various reference levels are 7. Changes in Right Auricular Pres- 
presented in Table 2. The greatest sure with Changes in Position. Right 
liflerence between reference levels was auricular pressure decreased in each 
‘9 mm.; that is, between the reference of 2 subjects with a change in body 
int of 10 cm. above the examination position from a supine position to a 
table and the reference point of 45° sitting posture. In the case in 
Moritz and von Tabora. The latter which the measurements were made 
int is usually on a level with the with the saline manometer only, right 
right auricle (radiological evidence*), auricular pressure decreased from 105 
but a negative venous pressure was to 55 mm. of saline. In the other case, 
ecorded several times during this right auricular pressure decreased from 
nvestigation with this reference level. 120 to 60 mm. of water and the results 


TABLE 1. VENOUS PRESSURE. IN THE SUPINE AND THE 45° SITTING 
POSITION ON 2 DIFFERENT DAYS 


Day One Day Two 
Serial Venous Pressure Venous Pressure Before and After 
Measurements Resting for 30 Minutes 

45° Sitting 

45° Sitting# 45° Sitting+ Position after 

S t Supine® Position Supine® Supine Position 30 Min. 
C.M 109 184 114 100 178 189 
J.( LOO 52 88 102 107 116 
}.M 92 128 82 10] 153 161 
EH 87 157 69 88 115 146 
H.] 85 14] 84 — 
NA 84 147 76 83 167 159 
C.W 80 184 85 85 181 178 
}.H SO 149 77 69 137 151 
ce 74 75 74 100 98 97 

I Pressure 86.6 144.7 82.4 91.0 142.0 149.6 

Mean Variation 9.7 18.1] 9.5 12.8 22.2 23.8 


* Average value of supine measurements. 
| Initial reading 2 to 5 minutes after assuming the 45° position. 
All venous pressure measurements in mm. saline 


TABLE 2. MEAN VALUES OF ANTHROPOMETRIC MEASUREMENTS OF 
REFERENCE LEVELS ON 20 SUBJECTS 
Distance in mm. above examina- 
tion table at level of 4th 


Reference Level Definition costochondral junction 
s, Kennedy and 100 mm. above surface of 100 
Burwell examination table 
Recklinghausen Midpoint of thorax 110 
rr and Burch Phlebostatic axis is the line 114 


of intersection of two 
planes.® 


ritz and von Tabora 50 mm. dorsal to the 4th 179 
costochondral junction 
> ter Junction of anterior and mid- 146 
dle thirds of thoracic dia- 
meter 


rontal plane % the thoracic diameter at the level of the base of the xiphoid process of 
rnum intersects a cross sectional plane at the level of the 4th intercostal space adjacent 
sternum 
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obtained manometers did 


with the 2 
not vary significantly. 

Discussion. The experiments 
formed in this investigation demon- 
strate an increase in antecubital venous 
pressure with a change in body posi- 
tion from a supine to an erect posture. 
This finding differs from the results 
obtained by Burch and associates who 


per- 


reported no change in venous pres- 
sure with postural changes. The differ- 
ence in the results reported in this 
paper and those reported by Burch 
and his co-workers cannot be due to 
the use of a different reference. level 
because the venous pressure measure- 
ments in this investigation were refer- 
red to the phlebostatic axis of their 
study. Neither can the differences be 
ascribed to the type of manometer 
used, since it was shown that the phle- 
bomanometer of Burch and Sodeman 
of Moritz 
and von Tabora gave equivalent values. 
fo eliminate the influence of the type 
of 


possible 


and the saline manometer 


bed on the measurements (with a 
the 
relations of surrounding structures to 
the vein), both a hospital bed and a 
padded table were used. Regardless 
of the tvpe of bed used for each experi- 
ment, the 
vated in sitting positions. 


alteration in pressure 


venous pressure was ele- 

The elevated venous pressure present 
in sitting positions was not the result 
of failure to allow 


cardiovascular 


time for 
after a 
change in posture. This statement is 
supported by evidence obtained from 
the serial of venous 
pressure. Venous tension was elevated 
after 20 minutes of repeated obser- 
vations (Fig. 2). 


sufficient 
adjustment 


measurements 


The slight decrease 
in venous pressure which occurred dur- 
ing the first few readings in the 45 
sitting position, in some cases, is prob- 
ably the result of relaxation. 

In order to eliminate the effect that 
of saline might 
exert on venous tension (Serial Meas- 


continuous infusion 


RIGHT AURICULAR PRESSURI 

urements ), venous pressure was deter 
mined betore and after resting for 3 
the 45° 
The results of this experiment furnis] 


minutes in sitting position 
additional evidence that venous pres 
elevated the 


posture and that sufficient time was 


sure remains in sitting 
allowed for cardiovascular adjustment 
the elevated 


the sitting position the result of pres 


Is venous pressure i 
sure from surrounding structures on th 
axillary or subclavian vein? To answe1 
this question, studies of venous pres 
tilt 


position. Bi 


sure were made before and after 
ing the patient to a 45 

tilting the the 
relation of remained 
in 


patient, anatomic 
structures 
different 


might 


ull 
body 
be affected b 
gravity. The finding that the tilting 

the 
resulted in an elevation of venous pre 


changed position 


except as it 
well as the bending of patient 
sure indicates that local pressure on t! 
vein from surrounding structures is not 
the causative factor. Attempts to alt 
the anatomical relation of structures to 
the large veins by turning the head 
by displacing the clavicle resulted 
an increase or failed to demonstrat 
fall ot 


magnitude to be significant. This fir 


in venous pressure sufficic 
ing also indicates that pressure fr 
surrounding structures on the axillary 
and subclavian vein is not responsi! 
for the elevated venous pressure in t 
sitting position. 
that 


venous pressure in an antecubital \ 


Assuming measurements 


was indicative of right auricular pr 
sure, it would be expected that right 
auricular pressure would increase v th 
a change from a supine to a sitting 
position. On the contrary, a decrease in 
right auricular pressure occurred with 
this change in position. The decreas 
in right auricular pressure may have 
been the result of the shifting of blood 
from superior to inferior portions o! he 
body due to gravity. 


° ] he 
Presumably, venous tension cou! 
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aluated in the sitting 


posture by 
termining the normal range of ven- 
is pressure in various sitting posi- 
the validity of 


seems questionable 


ons. However, such 
easurements 
ie 4 normal subjects failed to show 
elevated tension in the sitting pos- 
ture Furthermore, venous pressure 
nained constant upon assumption of 
{5 sitting position in all 4 patients 
ith a supine 


han 200 


venous tension 
This 


ggests that the mechanism responsi- 


greater 


mm. of saline. result 


e for the elevation of venous pressure 
sitting positions does not operate 
high levels of venous pressure. Con- 
juently made to 


no attempt was 


tablish the normal range in different 
tting positions. 

When the reference point of Moritz 
| von Tabora was used, a negative 
lous pressure was recorded several 
ies. This finding indicates that this 
level is unsatisfactory for 


Perce 
us pressure measurements. The 
rence levels of von Recklinghausen, 


Kennedy, and Burwell, and 


VOLS 


Winsor and Burch did not vary 
itly from each other in 20 patients, 
each level resulted in positive 


lls. pressure readings. From the 


ble data it cannot be stated which 
of these reference points is most 
| However, it should be pointed 


that anv reference level which is 
ed by determining the anterior- 
the will 


la low venous pressure in patients 


terior diameter of chest 
high thoracic diameter. In view 

s. it seems that the reference level 

Kennedy, and Burwell of 
.. from the examination table is 
ost practical one to use. 

ummary and Conclusions. 1. Com- 
mn of the phlebomanometer of 

Sodeman with the saline 


| Vous 


h and 


indebted to Mrs 
ts and to Dr. 


Elizabeth Strawn, 


James Birren for 


RIGHT 


R.N., for 


suggestions 
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Tabora 
no significant difference in 
the values obtained for venous pressure. 
2. When the phlebostatic axis of 
Winsor and Burch was used as a 
reference level, venous pressure in- 
creased as the patient changed posture 
from a supine to a sitting position. 

3. Tilting the patient to a 45° angle 
resulted in an increase in venous pres- 
sure which was not significantly differ- 
ent from the increase which occurred 
the patient 
sitting position. 


manometer of Moritz and von 
revealed 


when assumed a 45 

1. The elevated venous tension pres- 
ent in sitting positions was not low- 
ered by altering the anatomical relation 
of surrounding structures to the axillary 
and subclavian veins. 

5. The available data do not allow 
the 
increase 


a conclusion to be made as to 
mechanism for the observed 
in venous pressure. It is suggested that 
the high found in 


sitting positions was not the result of 


venous pressure 
the pressure of surrounding structures 
on the proximal veins. 

6. Right auricular pressure decreased 
in each of 2 subjects with a change 
from the supine to a 45° sitting posi- 
tion. It is suggested that this fall in 
intracardiac pressure is the result of a 
shift in blood from superior to inferior 
parts of the body by gravity. 

7. Failure of venous pressure to rise 
with the assumption of the sitting pos- 
ture in some _ patients precludes the 
establishment of normal standards in 
various sitting positions. 

8. It cannot be definitely stated which 
one of the commonly used reference 
levels for venous pressure is most valid, 
but it is suggested that the level of 
10 em. above the examination table is 
generally the most feasible. 


with the venous pressure 
treatment of the data. 


technical assistance 


concerning the statistical 


il 
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RENAL STUDIES IN ACUTE INFECTIOUS (EPIDEMIC) HEPATITIS® 


By Joun D. Farguuar, M.D. 


PHILADELPHIA 


( ildren’s 


Hospit i of Philack Iphi ! 


University of 


ot 


homologous 


in the course of study intectious 


pidemi and serum 
patitis induced in human volunteers, 
was Observed that during the pre- 
stage bilirubin frequently was 
the 


e increases in total or prompt direct 


tected in urine before measur- 
serum bilirubin 
other hand 


ot hepatitis 


cting 
the in the convalescent 

bilirubin — often 
ippeared from the urine while the 
| and prompt direct reacting serum 
rubin concentrations still were sig- 


intly elevated. Thus in hepatitis 
of biliru- 
ria did not appear to be entirely, 


ted t 


presence or absence 


the concentration of serum 
ibin. Possible explanations for this 
omenon include: 1, a qualitative 
rence in the type of bilirubin pres- 
it different stages of hepatitis or 
to the kidney 
mn: 2. a change in the functional 
tv of the kidnevs to excrete bili- 


iwailability for 


luring the different stages of 
itis. The frequent occurrence of 


disturbance in hepatic disease 
sted an investigation of the sec- 
possibility. The present report is 
plorative survey of renal function 


the ot 
nic hepatitis. 


course acute intectious 


thods of Study. Subjects. The renal 
ere carried out during the course of 
estigations of intectious hepatitis | 

Material containing the I H 
n orally to 6 white mak 
kidney function 
juently before, during and after the 


the 


Virus 
volunteers!= 
f liver and were 
disease. The men ranged in age 
to 24 years, and none had any clinical 


rv evidence suggestive of hepatic 


[De partment ot 


lucted in part under The Commission on Liver Disease, 


PENNSYLVANIA 


hool ot Me dis 


diatrics 


Pe in 


or renal disturbances priol to the onset of the 
induced hepatitis. One, |. B., age 25 


recalled ih 


how 
subse illness 


stive of 


evel juently 


sug 
cute rlome rulone phritis at the ace 


Phis illness apparently was fol 


lowed by a complete clinical recovery within 
few week 

Of the 6 men inoculated with the I H virus, 
1 developed hepatitis after incubation ranging 
! 1 IS to 27 davs. In 3, the illness was 
oderate] evere with jaundice, while in the 
Ith, M.T., it w mild, the jaundice not being 
pperent 

Procedu Addis counts and urea clearance 
determinations were made once weekly on 
each man except during the Ist week of 
illness, when studies were done twice. The 
were begun before inoculation of the virus 
nd continued for 2 to 3 months after the 
onset of hepatitis. Liver function tests in 


cluding sceTum ind rine bilirubin determina 


tions were performed twice weekly 


Addis Count!. The subjects ingested no 
liquids during the 24 hour test period. All 
urine excreted during the second 12 hours 
was collected and examined promptly for 

12 hour urine volume, specific gravity 
c, total protein!4. d. total ervthroevte count, « 
total leuk vte count. and f, total cost count 
The values generally acce pt 1 as normal and 
the pre-hepatitis values of these men ar 
given in Table 1. Although the results of the 
Addis counts done prior to the onset of hena 
titis in these volunteers were within the nor 
mal range. their own pre hepatitis values 


probably provide a better means for evaluat 
ing the effect of hepatitis. It should be noted 
that the 
plotted on logarithmic s« iles on the charts 


ervthroevte and cast excretion ar 


Ure Clearance. Urea nitrogen was meas 
ured in the Same urine specimen uUs¢ | for the 
Addis count and in blood drawn at some 
time during the urine collection period. Th 
vrea clearance was caleulated according to 
the formula of Méller, McIntosh, and Van 
Slvke®: U is the urine urea nitrogen. B is the 

Blood in ml cleared 
of urea per minute 
B 


blood urea nitrogen, and V is the volume of 


Army Epidemiological Board 
(291) 


999 FARQUHAR: 
urine in ml. excreted per minute This formu was measured according to methods pl 
la, which gives the “standard” urea clearance, viously described'’. The normal range 
was selected because the urine flow was less total serum bilirubin is 0.1 to 1.0 mg 
than 1.5 ml per minute in all instances! 100 ml., and for prompt direct reacting b 
[he normal mean is 54 ml. of blood cleared rubin 0.1 to 0.21 mg. per LOO ml. The H 
ft urea per minute, and the normal range is rison spot test’ was used to measure uw | 
trom 40 to 69 ml.!5. bilirubin, and readings of plus > or gre t 
Bilirubin Determinations. Serum. bilirubin were judged to be abnormal 
700+ 
6007 
( 
5004 
u 
> 4007 - 
w at 
a 300+ 
| 
| 
2007 
10074 
0 t T = T T 
Onset \ 2 3 4 5 6 7 8 
WEEKS 
Fic. |] ['welve hour urine volumes. These fell below pre-hepatitis levels in all 4 
during the first 10 days of hepatitis. The normal mean established by Addis is 380 ml. Ir 
ind subsequent figures, the vertical arrow at the bottom of the chart indicates the 
the hepatitis. 
10354 
— AR 
1.030 
/ 
> / \ 
1.0207 
a 1.01574 
1.0104 
Onset | 2 3 4 5 6 7 8 
WEEKS 


Fic. 
yut the course of hi 
he patitis, fell below 
urine volumes were ; 
for 


Urine spe 


an Addis count i 


That of M.T. varied invers« 
S very mild he patitis. Those ot the other 


cific gravity 


volume t!] 
who had moderately 
pre -hepatitis levels during the first 10 davs of illness at a time wl 


with his urine 


> 


ilso decreased. The minimal normal specific gravity during fluid rest 
s 1.025. 


| 


RENAL STUDIES IN ACUTE 
Results. 12 Hour Urine Volume. 
| shows that the 12 hour urine 


igure 


olumes dropped rather sharply during 


the Ist week of hepatitis, then gradu- 


ly increased until, in the 3rd week, 


they were above the normal mean. The 


volumes remained elevated dur- 
ng the 4th 5th weeks 


eturning toward the normal mean. 


and before 


Specific Gravity. In 3 of the 4 sub- 
ects, — the urine specific gravity 
lecreased during the Ist week of 
iepatitis. The man who had the mild- 


t he patitis M. f. 
hange until the 2nd week. The specific 


did not show this 


itv readings were low on 2 of the 
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(EPIDEMIC) HEPATITIS 293 
the generally accepted upper limit of 
normal. M. T.’s mild attack caused only 
a slight increase over pre-hepatitis 
values. The increased protein excretion 
did not persist longer than 3 weeks 
in any of the 4 men. 

Total Erythrocyte Count. Two men 
excreted red blood cells in excess of 
the maximal normal, the increase being 
very great in one. The others showed 
an increased number of erythrocytes 
in their urine as compared to their pre- 
hepatitis levels, but the values found 
remained within the generally accepted 
normal limits. A marked increase in 
red blood cell excretion occurred in the 


—— 
D.M 


—+—+ AR 


MT 


4 
c Maximum Normal 
Onset 4 | 2 3 a 5 6 7 8 
WEEKS 
Abnormal proteinuria. This occurred at the onset of hepatitis in all 4 men. The mild 
illness of M.T. caused only a slight increase over his pre-hepatitis level. 


weeks, and remained low 
the other 2 
For the most part, the specific gravity 
12 urine volumes 
ed inversely as would be expected. 
vever, at the onset of hepatitis the 


rol 
at the end of 6 weeks. 
and hour 


gravity as well as the urine 
decreased in 3 of the 4 men. 

tal Protein. All 4 men had an 
rease in the amount of protein in 


urine. In 3, the increase exceeded 


ne 


urine of J. B., age 25 years. This man 
had the history suggestive of renal 
disease at the age of 11. 

The increase in erythrocytes began 
during the Ist week of hepatitis in all 
4 men. The onset of hepatitis and 
hematuria occurred simultaneously in 
]. B., whose illness began during a 
collection period for an Addis count. 
This early study showed an abnormally 
large number of red blood cells in the 


so] 
7 | 
4004 
| 
r 2507 
| } 
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urine. Erythrocyte excretion was within 


limits considered normal in 3 at 


men 


the end of 1 month, but remained 
elevated for 2 months in the case of 
|. B. At the end of 3 months, ]. B 
also had returned to normal (not 


I 


HAR: 


had an increased number 


casts prior to the onset of hepatitis 


none of 
these findings are probably significant 

Urea Clearence. The urea clearance 
trend 
elimination 


determinations reveal a towar 


reduced urea early i! 


shown on the figure ) hepatitis. D. M. had a significant ele 
otal Leukocyte Count. No signifi- vation of blood urea nitrogen whicl 
cant increase in the number of leuko- rose from 18 to 26 mg. per 100 ml 
cytes was observed in the urine of anv during the Ist week of illness. ther 
of these men during this study. For this returned to normal in the 2nd week 
reason, these results have not been The results are inconclusive and henc 
charted. are not shown 
1004 
] 
B. 
| 
\ 
| | 
; \ 
4 
] Ma al 
r\ 
t 
/+ 
Onset 4 
hi 4 Ervthrocyte excretion. All 4 men had an incr sed ervthrocyte excretion over ] 
hepatitis values, the increase being over the maximal normal in 2 1.B., with the hist 


uggestive of renal disease in childhood. had 

[otal Cast Count. Abnormally in- 
creased cast excretion occurred in all 
t men at some time during the hep- 
atitis. Granular casts 
hyaline being 
seen. No other types were found. Cast 
excretion was somewhat irregular and 
not uniform in the 4 but 


predominated 


with occasional 


casts 


men, since 


i tre 


nit nd us increase in re d blood cell excre 


Serum and Urine Bilirubin. The t 


serum bilirubin rose to about 10 
per 100 ml. in 3 men. In the 4th, it 
increased from normal pre-hepatitis 
values to about 1.5 mg. per 100 
returning within 3 weeks to 
previous level. The prompt direct 


reacting bilirubin values were roug)ls 
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me-half the total serum _ bilirubin Elsom* studied by Addis counts the 
evels, and closely paralleled them renal function of 16 patients with 
throughout the course of the hepatitis obstructive jaundice and 1 with arseni- 
n all 4 men. cal hepatitis. An increased excretion 

The urine of each man contained of casts was the most striking abnor- 
ibnormally large amounts of bilirubin mality noted, although an increased 
trom 1 to 4 days before the total or number of epithelial cells and leuko- 
prompt direct reacting serum bilirubin cytes was equally consistent. The low 
ucreased significantly. It is also inter- incidence of albuminuria found by 
sting that the urine was free of Elsom was not substantiated by 
ibnormal amounts of bilirubin for Thompson, Frazier, and Ravdin'* who 
ipproximately 1 to 3 weeks before the found at least a trace of albumin in 


erum bilirubin fell to normal. the urine specimens of all patients 
1004 
OM 
AR 
— MT 
a 50-4 \ 
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/ 
| 
/ \ 
t \ 
\ \ \ 
\ \ \ 
x 104 7 
Ir, 
4 
79) / 43 Maximum Normal 
> 57 = 
O 
H 
/ 
/ 
4 
4 
tl | / 
Onset 67698 6 
WEEKS 


Cast excretion. From normal pre-hepatitis values cast excretion increased greatly 
luring the hepatitis in all 4 subjects. The increases were above the maximal normal. 


Discussion. We had the advantage with obstructive jaundice. These inves- 
this study of being able to perform — tigators noted also a reduced concen- 
il function tests prior to the onset trating power of the kidneys in 22 of 
hepatitis and for 2 to 3 months after the 32 patients with obstructive 
onset. Furthermore, the etiological jaundice, and in 43 of 61 patients who 
ut responsible for the hepatitis was eventually died of hepatic or biliary 
linitely known'*, the disease having tract disease. Of the 32 patients with 
n artificially induced and uniform obstructive jaundice, leukocytes were 
ll 4 subjects. found in abnormal numbers in 17, 


1S 
ce 
] 
if 
( 


casts in 13, and red blood cells appear- 
ed sporadically in 4. 

The present study reveals a definite 
reduction in the concentrating power 
of the kidneys early in the course of 
hepatitis in 3 of the 4 subjects. The 
concentrating power of the kidneys is 
generally accepted as a measure of the 
functional capacity of the renal 
tubules?. 
increased 
amounts of protein in the urine sug- 


The appearance of 


gests the presence of some tactor pro- 
ducing renal (presumably glomerular ) 
irritation. An increase of bile salts in 
the blood has been suggested in the 
work of Stewart and Cantarow'® as 
the cause of the renal irritation. 
Hepatic nephrotoxins have been pro- 
posed by Helwig and Schutz® and 
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HAR: 


thymol turbiditv'’—were abnormal du 
ing this early phase of hepatitis, sug 
gesting the presence of hepatic injury 
Injured hepatic cells may have beer 
producing nephrotoxins; the relation 
ship of renal disturbance to hepatic 
damage, however, is uncertain. 
Increased numbers ot red blood Ct lI 


in the urine occurred to some degre 


in all 4 subjects early in the course of! 


hepatitis. This finding was not chara 
teristic of cases of “cholemic nephro 
sis’, as reported by Elsom* and b 
Thompson, Frazier, and Ravdin'*. Thi 
suggests that the glomeruli b 
more prominently involved vir 
hepatitis than in cholemic nephros 


secondary to obstructive jaundice It 


is of interest that the subject who di 
plaved the greatest increase ofr 


TABLE 1] ADDIS COUNTS 


1) 12 hr. urine volume 
2) Specific gravity 

}) Total protein / 12 hr. 

1) Total RBC excretion / 12 hi 


>) Total WBC excretion / 12 hr 
6 lot il cast excretion 12 hi 


* Based on 11 Addis counts done on 6 men 


Bovce and McFetridge*. It is to be 
noted in the present study that the 
appearance of increased protein in the 
urine corresponded closely with the 
appearance of bilirubinuria. Retained 
biliary products may have caused the 
renal irritation and proteinuria, or pro- 
teinuria induced by hepatic nephro- 
toxins may have carried bound. bili- 
rubin into the urine. Bilirubinuria 
occurring before any detectable rise in 
the total or prompt direct reacting 
serum bilirubin in early hepatitis sup- 
ports the latter hypothesis. It is pos- 
sible, of course, that the virus itself 
affected the kidney directly. Certain 
liver function tests—cephalin-choles- 
terol flocculation, colloidal gold, and 


t 

cor \ 

SO 50 160 1 
1.025 or over 1.025 1.031 
0) 60 1 95 50 meg 
0) 500.000 0 100.000 
0) 2 OOO.000 0) 1 400.000 
0 5.000 0 2 000 


blood cells in the urine had a hist 


] 


suggestive of acute lomerulonephrit 


14 years previously. It is impossible 
know whether this hematuria was d 
to a_ reactivated glomerulonephrit 
renal involvement associated 
hepatitis in a man with previously da 
aged kidneys, or simply renal invol 
ment associated with hepatitis in 
self. The prompt improvement foll 
ing recovery. from hepatitis sugg: 
that this was not a_ reactivation 
glomerulonephritis. 


The appearance of increased 


numbers of casts in the urine of 
men, as well as red blood cells 
protein, further supports the hypothesis 


that renal irritation occurs in ear'\ 


RENAL STUDIES IN ACUTI 
nfectious — | epidemic ) hepatitis. The 
irge numbers of epithelial cells and 
ukocytes in the patients with obstruc- 
tive jaundice reported by Elsom* were 
ot found in these men with hepatitis. 

Phe 


veal a trend toward reduced clear- 


urea clearance determinations 


nce early in hepatitis. Numerous 
vorkers, among whom are Mevers and 
-workers®, Wilensky'’, and Lichtman 
nd Sohval*, have reported the relation 
liver tract 
nal damage with nitrogen retention. 
The findings indicate that viral hepa- 


and biliary disease to 


tif 


is is accompanied by a demonstrable 
function, and that a 
detailed studv by methods per- 


hange in renal 
tting evaluation of glomerular and 


hular activities separately is desir- 


le. This disturbance of renal function 


lebted to Dr. J. R. Neefe 


for their 


ind Dr | 


ssistance and euidance 


ration of this paper 
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is probably not specific for acute in- 
fectious hepatitis, and may be found 
in other diseases. 

Summary. An exploratory survey of 
changes in renal function during the 
complete course of infectious hepatitis 
(I H 


is presented. 


virus) induced in 4 volunteers 


Addis counts and urea 
clearance determinations were used in 
this survey, which was done in con- 
junction with a study of liver function. 


The 


function 


renal 
the 
course of acute infectious hepatitis: a 


following changes in 


were observed early in 


decrease in the concentrating power of 


the ? 


kidnevs: 2. protein. 
ervthrocvtes. and casts excreted in the 


increase in 


urine: and, 3. trend toward reduced 


urea clearance early in hepatitis. 


Reinhold, The Hospital of the University of 


I also want to thank Dr. Joseph Stokes, |r. and 
F. McNair Scott, The Children’s Hospital of Philadelphia, for their helpful suggestions 
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ORGANIC compounds of mercury have 
been used extensively as diuretic agents 
since 1920*%, particularly in the man 
ot 


have 


failure 
but 
number of toxic reactions has resulted 

Over 


agement congestive heart 


These been effective. a 


30 immediate fatalities follow- 
ot 
compounds have been reported since 
1925 


ing mercurial diuretic 


injection 


These have been well summar- 


ized by DeGraff and Nadler? in 1942 
and by Wexler and Ellis™! in 1944 
Since then several more have been 


reported'.®, In all these cases the drugs 
were injected intravenously; fatalities 
the 
non-fatal 
shock and collapse reactions have been 
with all 
Many 


have 


have never been noted by intra- 


muscular route’. Severe 


more numerous and 
ot 
of 


been noted, such as hypersensitivity 


occur 


methods administration” 


reactions less serious nature 


asthma, urticaria and 


states 
transient dyspnea, substernal oppres- 
and mild shock®. One case of 
to 


mercury poisoning has been reported", 


$10n 


tubular nephrosis due acute 


The incidence of serious toxicity 


is 
low when compared with the large 
number of iniections?*"!, and even 


less frequent following intramuscular 


injection. This has led some physiciat 
to recommend the intramuscular rout 
local pai 
and irritation is a frequent objectio 


No of the 


mercuhydrin 


exclusively However. 


one common diuretic 
salyrgan-theophvllii 
and mercuzanthin) are free from lo 
effects, but 


mending it 


each has a group recor 
( onside rable effort has been dire te 
toward deve loping a mercurial diuret 


which is systemically less toxic a 
locally non-irritating and read 
administered. Recently the disodir 


salt of N 


mercur 


carboxvmethylmercapt 


methoxy) propyl camph 
amic acid (Thiomerin®) has been inti 
fol 
compound shows chemical similar 
to 


but the theophylline has been repla 


duced subcutaneous use 


mercurophylline mercuzanth 


by sodium mercaptacetate with 
ot 
toxicity in experimental animals 

been reported to be about 1/160 that 
of other 


nously®. It is readily 


tormation a mercaptide. Card 


mercurials given intra 
soluble in wa 
but because of instability in solut 

it is at present supplied in powce! 
form with an ampule of distilled w ! 


As now available this solution is st 


Supplied by Campbell Products, Inc., New York 
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or 2 weeks or more at room tempera- 
ture and if kept refrigerated will last 
for several months but should be dis- 
ded if color change or cloudiness 


ICV ¢ lops 


Method of Study. This report presents the 
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metastases from a gastric carcinoma and one 


had pulmonary ¢ mphy sema. 


Phiomerin 


was administered subcuta 


neously in doses of % to 3 ce equivalent to 
0.07 to 0.42 gm. of the compound, or 0.02 
to 0.12 of mercury. The common 
dose was 1 cc., 2 cc. being next in frequency. 


rhe 59 hospitalized patients received a total 


gm. most 


experiences with Thiomerin, and of 430 injections, and the 350 out-patients 
ifically with local and systemi a total of 1639 injections. The hospitalized 
ect patients received 1 to 35 injections at intervals 
roups were studied: a small hos- of 1 to 3 days, the clinic patients 1 to 25 
group of 59 patients in which care- injections at intervals of 1 to 4 weeks, as 
itions were possible, and a larget determined by the response 
as! 
50+ 
> + kc THIOMERIN 
2cc THIOMERIN 
\ 
\ 
\ 
a, 
+ \ 
NA 
WEIGHT 
i 2 3 4 #5 6 7 8 9 0 " 12 
hic. 1.—Weight Loss in 4 Patients Treated with Thiomerin. 


50 out-patients seen at intervals of 

weeks. The clinic group consisted 
of patients with various degrees of 

e heart failure Forty-nine the 
ized in heart 
t had ascites and edema of the lower 
ties due to hepatic cirrhosis, 4 were 
nephrotic stage of chronic glomerulo- 


of 


group were congestive 


one had ascites due to peritoneal 


Results. Results were evaluated by 
weight loss and clinical improvement. 
The achievement of “dry weight"* was 
used as a measure of effective diuresis. 
In the out-patient group diuresis was 
satisfactory. Dietary cooperation was 
found to be necessary for maintenance 


0) FEINBERG, ISA 
ot dry weight. In 56 of the 59 hos- 
pitalized patients the diuresis was 


equal to or better than that to be 
expected from other diuretic agents. 
Occasionally as much as 20 pounds of 
weight was_ lost 24 
excessively edematous patient. Typical 


in hours by an 


responses of 4 of this group are indi- 


cated in Fig. 1. 


Generalized 
absent, 


toxic reactions have 


been except for occasional 


development of muscle cramps, fatigue 


svstemic reactions have been observed 
thus far. 

immediate and delaved irri- 
reactions but 
been minimal. Transient burning and 
occasional pain following injection 
were noted in a few patients, at most 
lasting 15 to 30 minutes. Patients rarely 
complained of this and its presence 
was determined by questioning. A few 
patients developed local pain and small 
persistent nodules which were slightly 
tender for 1 or 2 days. Two instances 
of small, slight, tender and painful 
ecchymotic areas noted at the 
site of injection. No necrosis or slough- 
ing of skin was seen. At no time was 


Local. 


tative occurred. have 


were 


and weakness resulting from too rapid — tage. The incidence of excessive depl 
depletion of electrolyte and water. tion of electrolyte and water is 1 
These symptoms were usually cor- greater than observed with oth 
rected by adjusting the frequency of organic mercurial diuretic agents 
administration and dose*, and adjust- Many patients in congestive heart 
ing the intake of water and electrolvte. — failure require a maintenance dose o 
No febrile reactions, hypersensitivity mercurial diuretics at varving inte 
TABLE 1.—SUMMARY OF EFFECTS OF 2069 DOSES OF THIOMERIN 
IN 409 PATIENTS 
Nes D I 
Patient ] t ( | ] R 
Hospital Patients 59 130 51 5 0) 5 
( lini Patients 350 1639 eee () IS 
TOTAI 109 2069 2 
as Nine deaths in hospitalized patients unassociated wit] Phiomerir 
”9 In no case was it necessary to discontinue use of Thiomeri: 
*°° Diuresis was generally satisfactory. Patients were seen 1 oftener t nee 
naking evaluation of diuresis difficult 
states, gastrointestinal svmptoms, or vals. Gold et al.* stated that many 


ACS, BOIKAN: 

it necessary to discontinue the adminis cut 

tration of Thiomerin because of local elle 

discomfort or irritation. No evidence dl 

of kidney damage was observer 

Table 1) pos 
Discussion. Thiomerin administere: 

by the subcutaneous route is an effec 

tive diuretic agent. The absence of al 

‘but minor local irritative phenomona 

the apparent complete absence of 

svstemic toxicity and the ease ol 


administration provide a definite advat 


these were able to control their ed 
if taught to administer the merem 
to th 


aS pal 


diuretic themselves with 
weight 
leling that 
of 


Thiomerin 


situation 
mellitus | 
infection 
to 
one of its most important advantag 

Summary. 1. \ 
diuretic (Thiomerin 


i guide, a 
diabetes 


subcutaneous 


ease 
therefore 


mav prove 


new 
for subcutane 
\\ 


been used 


2069 


administration has 


excellent results with inject 


in 409 patients 
2. Thiomerin has advantages 
other mercurial diuretics: a. There i 
apparent systemic toxicity. b. It is p 
tically when 


yainless given 
] 
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taneously. c. It is equally or more 
than other mercurial diuretics. 
Self-administration by a patient 


direction 


ective 


ler oa phy sician is 


sible 
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From the Department I Pharmacolo 
i 


FOLLOWING Haldane’s® demonstration 
in 1921 that the (NH,+) of 


unmonium chloride is metabolized in 


cation 


the body to urea thus freeing an CQuIN 
Cl this salt 
orally intra- 


alent amount of anion 
both 
venously as an acidifving agent in the 
treatment of clinical alkalosis. 


has been used and 


Its suc 


cesstul intravenous use in one patient 
was first reported by McCann®* in 1922 
and in another in 1925 by Youmans and 


After Gamble 


pointed out that this salt mav cause 


Greene and Ross 
sodium depletion and dehydration, en- 


les- 


that 


thusiasm for its intravenous use 


sened These workers advised 


therapy consist simply of presenting the 


kidney with adequate amounts of fluid 
and sodium chloride on the physiologic 
presumption that the selective 
(Na+) would com- 
pensate for the alkalosis. However, the 


€xcCr°re- 
tion of the cation 


rationale of 
questioned since it postulates a nor- 
mally functioning kidney, while actu- 
ally renal damage or functional insuf- 
ficiency may occur in alkalosis (Nicol’®, 


1940). In 1943 Zintel. 


Ravdin’ resumed the use of intraven- 


Rhoads and 
ous ammonium chloride and reported 
the successful treatment of 7 patients in 
alkalosis. Several subsequent reports 
indicate that this salt 


may be a valuable therapeutic meas- 


the infusion of 


In view of the increasing clinical use 


* Present address: Birmingham General Hospital, Van Nuys 
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AND 


this procedure may be 


KARR, 


R 


Pu.D., M.D.* 


PHARMACOLOGY 


AND 


lenpRricks, M.S 

ASSISTAN'I 
OREGON 

Oregon Medi il S hool 


gy, University ol 
ot parenterally administered 
chloride, it 


while to re 


all 


would seem 
view our knowledge of 
pharmacologic effects and toxicity. 

Errects. As early 
1S93. Martori 


effects produced by injected ammonit 


described the princi 


chloride in animals as twitches, trem 


progressing to tetany violent con 


sions, opisthotonus, irregular respira 


tion. salivation, emesis, somnolence 
lassituc 
that if 


not 


Meneguzzi® reported in | 
ammonium chloride inject 
fatal, the be 
functions recover rapidly from the 
1946), Brassfield ef 


intravenous 


was immediately 


fects. Recently 
that 


chloride produced an 


showed ammon 
immediate 
crease in respiration, fall in blood p 


sure, and slowing of the heart. M 


pe rtinent was the report in the san 


vear by Forbes and Erganian? who 
plemented their clinical studies 

some experimental results. They fo 
that 20 to 30 cc. of 0.89% 
chloride kilogram 


pel 


could be injected into dogs and rabbi 


producing only symptoms of exc 
salivation, hyperpnea and drowsi 
but that a more rapid rate of inje 
produced stupor and convulsions. 
nig and Koenig® reported in 1948 th 
intravenous ammonium chloride 
produce pulmonary edema. Ammo 
compounds are also reported to 


a W eak 


California 


curarizing action on ske eta 


wort 


{ 

0.4 


POXNICITY Of 


uscle, a stimulant effect on the central 
rvous system, and expectorant 
ettect 

Patients. Forbes and 
Erganian reported that one infant 


owed pallor, irregular respiration, oc- 
sional twitchings of the eyelids and 


inds, bradveardia and poor response 


painful stimuli following the intra- 
nous administration of 30 cc. per kg. 
0.S9% ammonium chloride over the 
IS minutes. They attributed 
se toxic signs to a too rapid Injection 


fall in 


1947), though using only a 


urse of 


th extensive serum pli 
Schemm 


solution of ammonium chloride. 
served minor toxic signs in 5 patients 
nsisting of pallor sweating and retch- 

Strangely enough, in the 2 series 


patients given the higher con 


tration of 
reactions we>re reported. 
] 


qaiverse 


ammonium chloride 


fact 
reactions may occur clinically 


reports and the 
t tox 
) intravenously injected ammonium 
a need for further ex- 
We have undertaken 


laboratory 


ride indicate 


mental study 
following investigation 
I the elucidating the 


ture and mechanism of the toxic re- 


purpose ot al 


ictions produced by intravenous ammo- 


1 chloride and (b) furnishing a basis 
lecid 


deciding how ammonium chloride 
itions should be given for maximum 


tv and effectiveness. 


Method. Healthy, adult 
sex were anesthetized after a 
with 34 mg. per kg. of 
| intravenously. 


PERIMENTAL. 1 
ot ther 
24 ur tast sodium 
A drv, ervstalline 


( hloride 


de xtrose of solution to 


quality of ammonium was 


1 in sterile 5% 
the final 


solution 2% in 


ammonium 

In order to determine the toxicity of 
monium al independent ot the 
Ing ettects ot 
ed solutions of 


ammonium chloride, we 
2.88% ammonium ace- 
16% ammonium bicarbonate, and 2.0 
5% ammonium carbonate prepared in 
ne way. The solutions were infused into 
noral vein at arbitrary rates controlled 
ecked by frequently counting the drops 
0 second period in the intravenous ap- 


INTRAVENOUS 


AMMONIUM COMPOUNDS 305 
paratus. At the end of each experiment the 
rate of 
mined by counting the number of drops pet 
cc. The rate of 
to milliequivalents 
weights ot 
finally as 
per minute per kg. of 


infusion in cc. per minute was deter- 


infusion was then calculated 
0.001 gm. 


ammonium ion per 


equivalent 
minute, and 
milliequivalents of ammonium ion 
weight. Carbon 

combining power! ot plasma was de 


Van Slyke and Neill mano 


body 
dioxide 
termined by the 


metric method!4 


2. Results. A ty pical sequence of toxic 
signs was observed in almost all experi- 
ments, regardless of the particular am- 
monium compound used. In 28 of the 
32 animals studied, the onset of toxic 
signs was indicated by occasional deep 
inspiratory gasps followed by a marked 
expiratory effort with strong contrac- 
tion of the abdominal muscles. These 
gasps became more frequent and pro- 
nounced until the respiration became 
very irregular, with each gasp accom- 
panied by a marked ventral “jerking” 
of the head ' the heart 
rate slowed down and_ the systolic 


Simultaneously 


blood pressure increased, although the 
diastolic pressure was unchanged so 
that an increased pulse pressure re- 
sulted. Next. muscular twitchings were 
noticed, usually beginning about the 
angles of the mouth, spreading to the 
other muscles of the face and neck, and 
accompanied by fasciculations of the 
tongue. twitchings quickly 
spread throughout the body and tonic 
and clonic convulsions followed. Unless 


These 


the infusion was promptly stopped, 
death ensued from respiratory arrest 
with the heart beat continuing for sev- 
eral seconds after respiration ceased. 
Also cardiac 
irregularities, auscultatory sounds char- 


noticed were occasional 
acteristic of fluid in the lungs, as re- 
ported by Koenig and Koenig*, and 
hemolysis of the red blood cells of 
varving degree in all blood specimens 
drawn. 

In 20 experiments, the infusion was 
allowed to continue until the death of 
the animal. Death occurred from 11 to 
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70 minutes after the earliest definite ing signs of toxicity did not appear 
evidence of toxicity, considered usually one instance the first evidence of 


rABLE 1.-INTRAVENOUS INJECTION OF VARIOUS AMMONIUM SALTS IN 


GLUCOSE SOLUTION GIVEN TO DOGS 


as the onset of twitchings of the facial icity was a tonic convulsion, follow: 


muscles or fasciculations of the tongue. immediately by death. Another anin 


li 4 dogs, however, the typical warn- showed some tendency to gasping 1 


RATE O} ONSET OL 
AMMONIUM WEIGH! ADMINISTRATION NIECTION rox 
SALT OF DOG ml. min mEq./min RATE SIGNS 
GIVEN kg vel aver I | min mit Ik 
2% NH,Cl 14.1 3.88 1.45 0.103 63 9.2 
10.9 3.39 Li 0.116 63 9.5 
91.4 7.67 9 0.133 5 296 
10.9 3.61 L.3o 0.124 
6.4 3.19 1.19 0.143 64 } 
7.3 2.93 1.10 0.151] 
17.7 8.43 0.178 17 
1.49 0.193 } 
8.2 $95 1.59 (0.194 
10.9 5.83 0.199 1.4 
12.5 7.33 2.74 0.219 18 1.8 
12.9 7.69 2.88 (0.223 14 19 
tz 1.67 1.74 0.242 1] 5 
6.7 5.26 1.97 (0.292 S 6 
NH,,Cl 70.0 8 34 542 0.045 60 
used clinically 
in man 
2. SS% Ammonium LO.5 5.52 2 06 0.196 50 } 
Acetate 11.4 6.06 9.97 0.199 ) 1 
?.0-2.5% Ammonium 13.5°%® 84 1.68 0.127 57 9 
Carbonate 1.90 1.7] 0.159 te} 
2.96% Ammonium 10.8 3.50 1.23 0.114 97 
Bicarbonate 15.0 5.30 1.98 0.132 10) 
13.6 4.87 1.82 0.133 66 
6.3 2 IS O.S5 0.137 50 
10.0 3.66 1.37 0.137 24 
10.9 1.05 1.52 0.138 0 
2.79 1.03 0.148 90° 
13.3 5.65 0.159 95 
13.6 6.15 9.99 0.168 
13.3 6.00 2.24 0.169 50 
5.9 2.74 1.03 0.173 28 
6.8 3.30 1.23 0.182 15 | 
10.9 + 2.14 0.197 18 
5.9 Del 1.95 0.219 27 


* Dog died at that time 


eee OF 


The columns reading from left to right show in order the weight of the dog in k 
average rate of infusion of the ammonium salt in ml. per min., the average rate of it 
in mEq. per min., the average rate of infusion of the ammonium compound in mEq 
per min., and the length of time from start of infusion to onset of unmistakable toxic sign 
data listed under the quotient IRe/IRc in the last column is the Injection Rate in that pa 
experiment expressed in mEq. per kg. body weight per min. (IRe for Iniectior 
experimental) over the Injection Rate used clinically by Zintel, Rhoads and Ravdit 
Sellers and Kast!2 recalculated to the same units (IRe for Injection Rate, Clinical 
amounts to 0.045 mEq. per kg. per min. 
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POXNICITY OF INTRAVENOUS 
ation with a little trembling at the 
id of inspiration, and tnen quietly 
ied breathing. The third animal 


owed some respiratory 


irregularity 
dl died of arrest 
thout muscular twitchings or other 


then respiratory 


varning signs. The fourth atypical dog 


wed several gasping respirations im- 


successive 


died 


diately followed by 


convulsions, vomited, and 


{ respiratory failure possibly from as- 


rate dl 


vomitus. 
in 


Table 1. 


Phe data for the onset of toxicity 
32 dogs are summarized in 
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of chloride 
fall in carbon 
dioxide combining power; ammonium 
slight 
rise, and ammonium acetate no con- 


death. 
sistently 


Ammonium con- 


caused a 


bicarbonate usually caused a 
sistent change in the 2 cases studied. 
The of toxic events, how- 


ever, was the same regardless of the 


sequence 


direction or amount of change in car- 

bon dioxide combining power. 
Discussion. The results in 

Table 1 indicate that the appearance 


shown 


of toxic signs from ammonium chloride 
administration are related to the rate of 


ese data show that definite toxicity administration rather than the total 
90r 
© 
& 
(NH4)2COs 
© fForbe'’s and Erganian’s case 
E 50+ A % mean 
& 40- 
30+ 
4 
10- 
10 fi 12 13 144 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 
Rate of Infusion (meq/kg/min 
Fic. 1.—Relationship between rate of infusion and time to onset of toxicity. 


observed with rates of infusion as 
as 2.3 times that which had been 
ot 6.48 


s produced toxic signs in § minutes. 


clinically, while rate 


x, | shows the time of onset of 
city in minutes plotted against the 
ige rate of infusion in milliequiva- 
of ammonia per minute. It will be 


rved that the curve is roughly hy- 
olic, and that no consistent differ- 
IS observed between the several 
onium compounds used. 

ble 2 lists the carbon dioxide com- 
g power of the blood, when am- 
um injected, before 
at the onset of definite toxic 
and at or within 1 to 2 minutes 


salts were 


tion 


TABLE 2.—EFFECT OF INJECTION OF 
AMMONIUM SALTS ON CARBON DIOX- 
IDE COMBINING POWER OF BLOOD 
Before Onset 
Ammonium Injection Toxicity At Death 
Compound Used Vols. 4 Vols. % Vols. 
Ammonium Chloride 56 1.0 
18.5 1] 
40.5 24.5 18 
46.5 31 27 
44.8 36 21.6 
Ammonium Carbonate 50 ° 63 
61 53.5 
44 56 
39 53 46 
50.1 
Ammonium Acetate 53 46.5 
43 r 49 
*No determination made because of tech 


nical error. 


nj 


amount injected. The influence of the 
rate of injection on toxicity was sug- 
gested in the earlier experiments of 
Meneguzzi® who found that animals re- 
covered rapidly from the effects of am- 
monium chloride if the injection was 
not immediately fatal and Forbes and 
Erganian? who reported that more 
rapid rates of injection were more 
likely to produce severe toxic symp- 
toms. Also, this is probably the reason 
for the appearance of toxic symptoms 
reported by Forbes and Erganian in 
the infant who received 30 cc. per kg. 
0.89% ammonium 
chloride within 18 minutes. We have 
recomputed the data given for the rate 
and amount of salt injected into this 
infant and find that it amounts to 0.276 
milliequivalents per kg. per minute. 
This is entirely consistent with the rate 
and time of administration which pro- 


intravenously of 


duced toxic signs in our experiments on 
dogs (column 5, Table 1 and Fig. 1). 
This comparison would suggest that 
our data on dogs may with reasonable 
safety be applied to human beings. If 
so, the IRe/IRc ratio listed in Table 1 
is seen to be uncomfortably low in 
some cases. Thus, rates of administra- 


2.29 times that used 


tion as low as 
clinically could produce toxic signs in 
patients. This is significant in view of 
the ease with which an intravenous in- 
fusion may, if not constantly attended, 
flow into the vein in half or less the 
intended time. It would therefore seem 
wise to reduce the concentration and. 
or, the volume per hour, in order to 
decrease the risk of producing toxic 
reactions in patients. The occasional 
death of an animal in our studies with 
no warning signs re-emphasizes the im- 
portance of maintaining a wide safety 
margin. 


Probably because the therapeutic 


value of ammonium chloride depends 
largely on its acidifying action, atten- 
tion has been focused upon this action 
as the cause of toxicity. Forbes and 
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Erganian attributed the toxic signs 
their patient to a too rapid inject 
with extensive fall in serum pH. Sin 
however, we have been able to produce 
identical toxic signs with ammonii 
compounds which are acidifying 
kalizing, or neutral in their physiolo 
reactions, it is more likely that the t 
icitv is due to the amonium ion per 
and not to changes in serum pH. |i 
the experiments where we determin 
carbon dioxide combining power (1 
ble 2), 


curred without significant changes f1 


toxic signs and even death 


the normal carbon dioxide combin 
power. 

Another possibility which shouid tx 
considered is that the toxicity of 
monium compounds might 
upon the relative fractions existing as 
NH,*+ and as NH; or NH,OH. In 
aqueous solution there is considerab| 
variation in the amount of hvdrol sis 
from moderate in ammonium chloride 
to considerable in ammonium acctate 
and bicarbonate. However, at the ap 
proximate pH of blood the amount 
NH. + NH,OH would alwavs be s: 
relative to NH, 


ation of pH within the physiolog 


regardless of the 


limits. 

It might be argued that the anes 
thetic used (sodium pentobarbital 
would interfere with the translatior 
our results to unanesthetized patients 
However, the close quantitative 
parison between our results and_ the 
single toxic reaction observed 
Forbes and Erganian would indicat 
that there has been little interference 
by the anesthesia. Furthermore, wé 
have consistently noticed a tendency 
for the anesthesia to become lighter 
after administration of ammonium ions 
was commenced, as evidenced by re- 
turn of deep tendon reflexes and o! t 
wink reflex. This would suggest, as has 
been previously reported, that ammo- 
nium ions have a central stimulant el- 
fect, and that if anesthesia exerted an) 


COl 
tic 
Cul 
a 
COl 
if 
\ 
to 
thy 
rel 
ot 
\ 
ul 
te 
ti 
I 
ot 
+} 
M 
M 


POXNTCITY OF INTRAVENOUS 
fluence on the toxicity of ammonium 
ypounds it would be in the direc- 


1 of protection rather than enhance- 


hyperbolic form of the mean 
| suggests that there is 
of ot 


npounds which can be tolerated for 


slow rate infusion ammonium 


¢ periods of time, probably because 
below the rate at which the liver 
» successfully convert all of the am- 


nium ion to urea. Conversely there 


ipparently a minimum time of sev- 


minutes which must elapse betore 


C SIGNS develop no matter how high 


rate. There is, however, a clear cor- 


ition between rate of administration 
and the appearance 
toxicity. No apparent correlation 


ts between total amount given and 


ieve, therefore, that the safety 
clinical procedure using ammo- 
chloride intravenously depends 
the rate at which it is adminis- 
| rather than the total amount used. 
sa significant fact in clinical prac- 

the value of ammonium chlo- 
either as an acidifying agent or as 
tic depends upon the conversion 

ammonium ion to urea, treeing 


oride ion. Consequently, exceed- 
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ing the maximum rate at which this 
conversion can be accomplished does 
not increase either the rapidity or ef- 
fectiveness of therapeutic action. The 
therapeutic effects of ammonium chlo- 
ride are a function of the total amount 
administered and not of the rate. Con- 
versely, the toxicity is a function of the 
rate of the total amount. 
Hence, clinical safety without impaired 
efficiency may be gained by the slow 


and not 


administration of proper amounts of 
ammonium chloride. 
Summary and Conclusion. 1. Intra- 


venously injected ammonium chloride, 
though a valuable therapeutic agent, 
has definite toxic potentialities. 

2. Occurrence of toxicity is depend- 
ent upon rate of intravenous adminis- 
tration, and virtually independent of 
total amount administered. Therapeutic 
value, on the other hand, depends upon 
amount administered regardless of rate. 
Therefore, slow rates of administration 
are safer without loss of effectiveness. 
to ammonium 
chloride are due to the ammonium ion 
and not to the acidifving effect of the 
may 
ace- 
aci- 


3. Toxic reactions 


compound, since the same effects 
be produced by the carbonate or 
tate salt without accompanying 


dosis. 
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ALTERATIONS IN THE SERUM POT 


CERTAIN CONSTITUENTS OF THE BLOOD IN 


DIABETIC 
By Cari 
SAMUEL Bt 


Joun G. Ret 


AND 


| 
PHILADELPHIA 


( he 


irdiolo ind 


rom the Divisions ( Th 


ndation 


that 
may 


RECENT studies have shown 


serum 


be 


potassium concentrations 


lowered critically during therapy 


tor diabetic acidosis'® The severity increasingly apparent. This rep 
with which the skeletal muscle and describes the changes in the = ser 
cardiovascular svstems are sometimes potassium and their relation to cert 
attected. as well as the dramatic other constituents ot the blood In 5 
reversal of the symptoms during the patie nts with diabetic acidosis 
administration of potassium, suggests 
: . Methods and Materials. The diagn 
an electrolyte imbalance of a selective 
tvpe. The striking manifestation of 
potassium deficiency that has been — dioxid bining power of less. th 
. . . 
encountered in association with low mEq. per liter and a blood sugar g 
h 00 ‘ OO ] 
potassium in the serum was first recog- seinen rd 
Upon n to the spital 
nized and studied in patients with 

ood w take! for letermination 
familial periodic paralysis plasm hon dioxid 
Later studies revealed that patients bining powe pil sin Cambridge: 

. Hig? to vO los 
with other conditions such as diar- er and recauuiol woid 
} irbon dios pl te chlorice 
rhea prolonged vomiting®, and 

; itt calc) sodiul 
Cushing’s Disease often exhibited hese studies were repeat 
manifestations of potassium deficiency intervals from | to 12 how 

* This study includes a portion of the data obtained he urs¢ I ivestigat 
diabetic acidosis at the Philadelphia General Hospital. Thi rk was aided by a researcl 
from the United States Public Health Service 

Pre Sé nted in part it the innual meeting ot the An eT! Feder ition t ¢ linic il Re 
Mav 4, 1948, and the Philadelphia Coll ge ot Physicians, May 24, 1948 

+t The sodium and potassium determinations were made n Perkin-Elmer flan phot 
Model 18, after precipitation of the serum proteins with tri hloracetic acid. Normal 
by this method are Na, 136 to 152 mEq mEq The instrument 
tandardized frequently during runs by means of a series of solutions of known sodiu 
potassium concentration. Recoveries of potassium added to serum ranged from 100 to | 

veraging 105%, while sodium recoveries varied between 94 to 100% with an avera 
7%. When determinations were made in duplicate, the precision of the potassium determi 


> x. - X, - Was 0.55 mEq 


calculated as a \ 


2 times the number of pairs 


n 
and x, - x, repre 
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ACIDOSIS*® 


LLET, M.D 
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\s our investigations progressed { 


Importance ot potassium depletion 


patients with diabetic acidosis becai 


where n is the total number of determi 


sents the difference between duplic ates 


THE BLOOD IN DIABETIC. ACTDOSIS HOO 


idministration of insulin until the varied between 1,000 and 3,000 ml. Nearly 
ndition, the chemical, and the all patients received 16 gm. of sodium bicar- 
liographic findings showed marked bonate in 2 gm portions every 20 minutes 
Phe compl te quantitative col by the oral route: others received 11.25 gm. of 

f urine samples during the first 12 sodium bicarbonate dissolved in 500 ml. of 
often attempted but was satis distilled water by intravenous injection. When 
nly 1 patient. Anuria or loss of the blood sugar had decreased to approxi 
ntrol interfered in’ the others mately 250 mg. per LOO ml., glucose was 
tion in these patients involved idministered in 25 gm. portions by means 


we believed unwarranted — to of a Levine tube: the total dose depended 


upon the blood sugar level. Shock, if 

received regular insulin sub encountered was treated by the adminis 

i divided doses, the total amount tration of plasma and 
50 to 13500) units. Each was blood 


occasionally whol 


ist 2.000 mil. of isotonic sodium Potassium hloride Was administered 
lution by hypodermoclysis but parenterally when the serum potassium was 
ed more than 3,000 ml. in’ the low, either as an isotonic solution of potassium 
is. The total amount of — fluid chloride (155 mEq. per liter) or an isotonic 
1 during the second 12. hours mixture of equal parts of sodium chloride 


| 


} } } } 
} } | } } 


| | | | | | | 
| | | 


Serum Potassium (meq)t) 


+ 
| 


| 
; 
| | | 
| 


| 
40. +50 60 7 


Hours Fourowina First oF INSULIN 


Serum potassium concentrations before and after insulin in 45 patients with 
cidosis. Before insulin treatment the serum potassium level was normal or elevated. 
iod of 2 to 18 hours following the first administration of insulin the serum potassium 
on decreased to levels below normal and remained subnormal until potassium or 
taining potassium was administered. Open circles refer to values obtained after 
1 or a food containing potassium was administered 


nformation has been presented in part by Martin and Wertman?*. 


5 
| 
10 20 30 


ind potassium — chlorid I'welve patients 
received the former. This concentration is 
ore concentrated than that suggested by Dar 
and Burnett and Burrows’. However 


uur experience indicates that it was more 
effective in replenishing the potassium deficit, 
vet not dangerous to adminster if controlled 


by serial electrocardiograms. When potassium 


was given by hypodermoclysis to prevent a 
decrease in the serum potassium tL mixture 
of equal parts of potassium chloride and 


dium chloride was used 


Results. Concentration of the Serum 
Potassium Before and After The rapy. 
Fig. 1 shows the serum potassium con- 
centrations before and after the insti- 
tution of insulin therapy together with 
the response of serum potassium to 
potassium administration. It will be 
noted that before insulin treatment the 
concentration of potassium in serum 
varied from 5 mEq./1 to 9.3 mkq./1. 


in no instance was the serum potassium 


| | | 
yl 
10 a + + 
S } 
eS 9 + me wee + + + + 
= | 
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concentration below normal during thi 
period of observation The results i 
Table 2 indicate that the = state 


circulatory collapse in anoxia is not 


the main factor in the higher serum 
potassium values. 

Soon atter insulin’ treatment w 
instituted, however, the serum pota 
sium decreased to concentrations belo 
the minimal normal. This fall occurr 
within 2 hours after the first admini 
tration of insulin in’ some patient 
More commonly, however, the lowe 
level was reached later, between. tl 
3rd and Sth hour. Some low value 
persisted into the 3rd day. The retu 
to normal concentrations did not oc 
until potassium was administered o1 
food containing potassium was eater 
Fig. | shows also the seru 
potassium accomplished by potassit 


infusion 


%o Decrease w Broon Grucose /ur. 
Fic. 2. The decrease in blood glucose following insulin compared to the decrease in 


potassium, both expre ssed as per cent decrease per hour. The rate of fall of the blood 


ippears to offer a rough index of the rapidity with which the serum potassium decrea 


these patients receiving active therapy for diabetic acidosis 


BLOOD IN DIABETIC ACIDOSIS 


Correlation of the Insulin Effect and 
he Serum Potassium Concentration. 
ig. 2 shows the relationship between 
he action of insulin and the serum 
ttassium in patients undergoing treat- 
ent tor diabetic acidosis. The 
ecrease in the blood glucose pel hour 
taken as a measure of the insulin 
ect. A high degree of correlation 
found between the decrease in the 
potassium and the decrease in 
blood glucose, both expressed as 


cent decrease per hour. Calculation 


factors, such as a greatly increased loss 
ot potassium in the urine or continuous 
potassium administration, might modify 
the rapidity with which the serum 
potassium decreases without compar- 
able effects on the blood sugar. 

Serum Potassium and the Blood 
pH.—Fig. 3 shows the relationship of 
serum potassium and the blood pH in 
diabetic acidosis. Low pH is associ- 
ated with high concentration of serum 
potassium; as the pH rises, the concen- 
tration of potassium falls to values 


} + 
++ 

+ + + 


Serum Potassium (meaJt) 


Buoop pH 


Phe relationship of the serum potassium concentration to the blood pH betore and 


during therapy for diabetic acidosis 


coefficient of correlation shows a 
of 0.90, which is highly signifi- 
Thus, the rate of fall of the 
sugar in these patients provides 
ide index of the rapidity with 
h the serum potassium decreases. 
uusly no more than a general con- 
can be derived concerning 
um from this chart. Further- 
in patients undergoing treat- 
for diabetic acidosis, other 


below normal. The coefficient of corre- 
lation is 0.82, which is highly signifi- 
cant. 

A negative correlation exists between 
the serum potassium level and_ the 
carbon dioxide combining power. The 
coefficient of correlation was minus 
0.54 (Fig. 4), a statistically significant 
value. 

No correlation was found between 
the serum potassium and the serum cal- 


} } } 


Siz NADLER, BELLET, 


cium, carbon dioxide tension, serum 
total base, chloride, protein, blood urea 
nitrogen, or hemoglobin. 

Distribution — of 
detailed 


inHuence§ of 


\lore 


concerning the 


Potassium. 
information 
various ftactors aftecting 
potassium exchange in diabetic acidosis 
is shown in Table 1, which summarizes 
the response of a patient during the 
24 hours tollowing administration of 
insulin. This patient's symptoms were 
moderate by comparison with those of 


the others studied and to this extent he 
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during this 3 hour period and it cor 
3.0 ot 
Although the patient received no flui 


tained only potassiun 


during this period, the decrease i 
hemoglobin concentration suggests th 
extracellul 


his blood volume and 


had 


mately 1.5 


volume expanded by appron 


liters due transter 


water from the cellulai phase. \pproy 
mately 


mEq of 


potassium Is at 
counted for bv this decrease in cor 
centration of exti 


fluid 


potassium in the 


cellular Estimating the 


Se 
| hg | 
to 15 25 30 35 
CO, (mea) 
serum potassium concentration ind carbon dio ymbinir power 
re and during therapy for diabetic acidosis 


is not typical of the group. He did, 


however. show a characteristic 


decrease in serum potassium concen- 
tration following insulin from a_ high 
normal of 5.4 mEq./1 to 3.4 mEq./1, 
three hours later. 
blood pH rose 0.07 while the serum 
sodium rose 10 mEq./1 and the total 
base showed a comparable increase. 


The output of urine was only 200 ml. 


At the same time the 


cellular fluid volume of the 55 ke 


at 8.500 to 10,500 depending on the 


degree of dehydration, the total am 

of potassium in the extracellular 

at 5.4 mEq. l concentration would. be 
16 to 57 mEq. and at 3.5 mEq./! 
29 to 36 mq. Thus 17 to 21 mE 
potassium disappeared from the extra 
cellular fluid and of this only 8 

can be accounted for in the urin« 


THE BLOOD IN 


fluid volume. 
The remainder constituting the larger 


xpanded extracellular 


tion of the potassium that disap- 
the 
if sodium chloride had 


vared thus must have entered 


ells. However 
administered, a much 
the 


ttassium might have ‘been expected 


een 


larger 
ncrease in urinary excretion of 
d pe rhaps a more striking decrease 
serum potassium would have occur- 


Phe transfer of sodium from the cells 


the extracellular phase that appears 


} 


ave occurred in this patient follow- 


insulin administration is note- 
thy, ranging from 295 to 335 mEq. 
Darrow has demonstrated a similar 


procal relationship between sodium 


potassium in several diseased 
tes 
Discussion. The changes in the 
tassium economy that occur — in 


betic acidosis can be separated into 


The 


racterized by loss of potassium from 


hases prodromal stages are 


body while potassium intake is at 
Salle 
lable 


time likely to be negligible. 
evidence indicates that total 
potassium is depleted. However, 
the 
The 
id phase occurs after therapy has 

instituted The total body 


sium remains decreased, and the 


concentration in 
elevated. 


potassium 


IS normal or 


ntration in the serum falls below 
i| 


hley, et al.’ found that potassium 


rised a large proportion of the 
lost in the urine during the 
pment of diabetic acidosis. 


lv important was their finding 
substantial loss of potassium in 
glu- 
1 and diuresis which preceded 
ictual With the decline 
blood pH and the accompanving 


irine occurred during the 


acidosis. 


in urinary nitrogen excretion, 
tients show an augmented loss of 
um in the urine. These findings 
been confirmed by Butler, et al.® 
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Wiley, Wiley, and Waller*?, and Elk- 
inton and Winkler!® also have demon- 


strated that increased urinary excre- 
tion of potassium occurs during dehy- 
dration, acidosis, and diuresis. Tarail 


and Elkinton®® have studied patients 
during periods of low potassium intake; 
their results indicate that under these 
conditions more potassium is lost in the 
urine than in the gastrointestinal fluid 
and furthermore, that potassium is not 
the 
tubules during this period of maximum 


completely reabsorbed by renal 
need for the ion. 

Vomiting commonly 
the 
increases the amount of potassium lost 
from the body. Austin and Gammon‘, 
and Frenkel, Groen, and Willebrands"™ 


have reported that gastric juice and 


acct ympanies 


onset of diabetic acidosis and 


vomitus contain a higher concentration 
of potassium than does blood serum; 
they found concentrations as high as 
10 to 13 mEq. per liter in gastric 
juice as well as vomitus. 

Anorexia also is a characteristic find- 
ing in patients developing diabetic aci- 
dosis. A decreased intake of food would 
contribute to a negative balance of 
potassium. 

Serum Potassium Before Therapy. 


Martin and Wertman?" showed that 
the serum potassium level mav_ be 
elevated betore therapy in the dia- 


betic patient in acidosis. The cause 
of a normal or elevated serum potassium 
concentration, which occurs at a time 
when the total body concentration of 
this cation is depleted, needs further 
study. Oliguric and anuric states are 
associated with a high serum potassium 
in some patients with 
Thus, in renal insufficiency, a common 
complication of diabetic acidosis, high 
serum potassium levels were present 
when the renal output of potassium was 
increased. 

Infants diarrhea severe 
dehydration show a normal or elevated 
serum potassium before therapy: Dar- 


with 
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that the 
potassium in these patients bears some 
relation to the state of 
morbidity'?. A similar cause may be 
present in some patients with diabetic 


row states elevated serum 


anoxia and 
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acidosis. However, the patients wit] 
diabetic acidosis in our series showec 


the 
potassium 


no relationship between highe 


levels of betor« 


therapy and the state of circulator 


serum 
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Table 2) 


which has been found to exist between 


collapse The relationship 


potassium and glucose in metabolism 


is pointed out by Fenn'*!'* is more 


onvincing. Glycogenolysis, with release 
4 glucose and potassium in the blood 
stream without 


subsequent glvco- 


renesis, must be considered as an 


mportant source of the high serum 
otassium values before therapy. 
Serum Potassium Following Therapy. 

Cardiovasculat 


manifestations and 


keletal muscle paralysis associated 
vith hypokaliemia occur in a certain 
roup of patients receiving therapy 
Martin and 


reported that the serum 


r diabetic acidosis'™ 
Wertman 
ttassium fell below normal 12 to 24 
irs after insulin therapy was begun 


6 of 


ibetic 


patients being treated for 


acidosis. Our findings. how- 


er, show that an abnormally low 
tassium concentration in the plasma 
urred much more frequently The 
rum potassium level decreased to less 


in the lower limit of normal. as early 


hours after insulin therapy was | 


sun. Return to normal levels failed 


until potassium chloride” or 
issium citrate was administered, or 


til food containing potassium was 


Potassium in Carbo- 
Metabolism 


nsulin a 


nportance of 
After large doses 
the 
occurs In 


decrease in serum 


tassium = concentration 
rimental animals, normal patients, 

in diabetics? Low serum 
ssium concentrations have been 
mstrated the course of 
wlycemic shock in and 
hotic patients'*:'4-*", We were able 


during 


diabetic 


nd a significant correlation between 
effect 
the per 
and the percentage of decrease 


+} 


insulin (percentage — of 


ease in blood glucose 

serum potassium per hour in 
its with The 
f the potassium which leaves the 


1S ot 


diabetic acidosis. 


importance, since, as 
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previously discussed, a deficiency of 
total body potassium exists at this 
time. Elkinton, Winkler and Danow- 
ski'® present evidence that potassium 
does not enter the cells from the extra- 
cellular position unless an exogenous 
supply of this cation is present. Atch- 
ley, et al.’ have shown that the urinary 
volume, as well as the urinary excretion 
of potassium, is very low after insulin 
therapy is begun in diabetic acidosis. 
Fenn's studies'* in the rat indicate that 
potassium is preferentially deposited in 
the liver during glycogen formation. 
Thus, if part of the 
potassium which disappeared from the 


endogenous 


serum during the insulin treatment of 
patients with diabetic acidosis was not 
lost in the 
that it must have entered the cells as 
Table 1. Since the 
that part of the 
potassium that disappeared from the 
the cells at the 
time glucose did, one logical suppo- 


urine. it mav be assumed 
is illustrated in 
evidence indicates 


serum entered same 
sition is that the need for potassium 
brought about by restored metabolism 
ot carbohydrate is responsible for the 
low values observed. Bover, Lardy, and 
Phillips** (1942) showed that potas- 
sium is the 
of adenosinitriphosphate. Further evi- 


essential to resvnthesis 
dence that metabolism of glucose cre- 
ates a demand for potassium is pro- 
vided by Aitken, et al.’ who reported 
that the serum level of this cation fell 
when 250 ce. of glucose were adminis- 
tered intravenously to normal subjects. 
Under conditions of greater stress and 
more marked depletion, a more marked 
response could be anticipated. Many 
investigators have observed the rapid 
decrease in the serum potassium level 
during the administration of glucose to 
patients with familial periodic paraly- 
sis*’*°, It must be emphasized at this 
point, however, that the extremely low 
levels of serum potassium found during 
treatment of diabetic acidosis patients 
do not occur in controlled diabetic and 


wer 
gh 
(oc 
| 
. 
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normal patients given equally large 


dosages of insulin with or without 


se. 
extracellular 


An expanding space 


during administration of fluids has 
been postulated as the cause for the 
lowering of the concentration of serum 
with diabetic 


potassium in patients 


acidosis’. Undoubtedly, the omission 
of potassium from the fluids adminis 
tered 


part in decreasing the serum potassium 


during the therapy plavs some 


concentration. In patients receiving 
fluids. 


diuresis as occurred in the report by 


Holle I 


large amounts of followed by 


this factor undoubtedly plaved 


TABLE 2. RELATIONSHIP OF THE SERI\I 
TAKEN ON PATIENTS WITH 
ANY THERAPY 


H st 1 G 
S Pot 1 Bl 1] 
Eq. /1 Svst liast 
95 165/90 
9.53 150/60 
9,9 65/0 
S.9 LOO/70 
8.6 145/85 
S.6 145/70 
8.6 95/60 
8.5 100/50 
yared t } wit h 1 0 Eq 


in important role in the production of 
hypokaliemia Howeve1 
which the 


dec reased 


the rapidity 


with potassium  concen- 


tration below normal. as 
well as our observation that the serum 
concentration fell 


extremely low 


in one patient to 
when no fluid 
was administered (Table 1 and in 
others after onlv 500 ec. of fluid had 
been indicates that this is not 
other 


levels 


given, 
is important the factors 
mentioned. 

The relative 


veral 


importance — of the 


factors operating to lower 


potassium concentrations in diabetic 


acidosis, namely: loss in urine” or 
vomitus, starvation, dilution and trans- 


fer to the cellular phase, probably 
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varies in different 


bine, however, to bring about 
depletion of 
cellular potassium that must be con 
bated 


treatment 


vigorously in the course « 


This deficiency may be aggravat 
in these patients by the acceleration 
the fall in serum potassium associate 
with rising pH of the blood. Thus, tl 
important matter of the advisability 
bicarbonate 


administering sodium 


lactate during the treatment of diabet 


patients. All com 
acut 
intracellular extra 


acidosis comes into question TI 
answer must await further invest 
gation 


M POTASSIUM AND BLOOD VPRESS|I 
DIABETIC. ACIDOSIS BEFORI 
WAS BEGUN 


ni 
Eq. ‘1 Syst liast 
5.6 10/20 
5.6 140/S0 
5.6 10/20 
85/60 
55 110/70 
5.4 110/60 
10/60 
5.0 165/90 

t pot 4.5 ) 

l to 5.6 | 


Summary. |. Alterations in the ser 


concentration of certain electrolh 

were studied in 45 patients befor 

after therapy for diabetic acidosis 
2. The 


potassium was 


concentration of the = s 
consistently found 
be normal or elevated before treat 


normal di 


and decreased below 
the 2 to 18 how period atter i 
These 


normal concentrations persisted 


therapy was instituted 


potassium or a food containing 
tassium was administered 

3. A relationship was found te 
between the rate of 


blood 


serum potassium level. 


decrease 


glucose concentration an 


BLOOD IN 
{. Alteration of the blood pH was 
sely associated with the change in 


serum potassium concentration, the 
rum potassium varving inversely with 
blood pH. The serum potassium 


el was found to vary 


inversely with 
carbon dioxide combining power. 
. The relationships of these findings 


for administration 
mn during the treatment of dia- 


dl 
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betic patients in acidosis has been 


discussed. 
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Because of its action as an anti- None had clear-cut thromboembolic 
coagulant, Dicumarol has assumed an dition. The only consider ee for rej 
thromboembolic disorders. One of its  p,, | 7 


to the congestion of the kidnevs 


greatest fields of usefulness has been 
in cardiac diseases in the prevention of 
intracardiac thrombosis or embolism 
arising therefrom and peripheral deep 
vein thrombosis. The clinical condition 
of such patients may vary from very 
mild illness to a desperate state in 
which a considerable degree of con- 
gestive heart failure may occur. In a 
small number of such cases with right 
heart failure and systemic and hepatic 
congestion, we have observed an over- 
reaction to the usual doses of Dicum- 
arol, so that excessive and = some- 
times dangerous degrees of hypo- 
prothrombinemia have been induced. 
The following study was_ therefore 
undertaken to ascertain the pattern of 
reaction to Dicumarol in such patients 
as compared with a_ simultaneously 
observed series of normal individuals. 


Materials and Methods. Thirty-six series 
of determinations (see below) were carried 
out in 23 patients. Eighteen of these were ir 
moderate to severe right-sided cardiac failure 
and 5 were in mild failure. Thirteen of the 
former were available for restudy after im- 
provement in the decompensation. An interval 
of 1 to 2 weeks elapsed before the testing 
was repeated. All patients were hospitalized 
and selected solely on the basis of having 
acute right-sided cardiac failure. Two were in 
the 3rd decade; the others were in the 5th, 
6th and 7th decades. There were 16 males 

(318 ) 


dent to heart failure ind its attendant 


renal deviation 


of fluid impairment of } 


function iv have been present in sor 
the Cases t] ough in none Was there 
ippreciab] elevation of the blood ure 

pending upon the severity of cardiac { 

they were classified as absent or mild 
moderate or severe. Patients with mod 
or severe failure Werte those with mn rk 


enlarged livers and with venous pre 
OVCT 15 Cl ot blood Ith whom rises 
sure usually occurred following manual 


pression over the liver. Moderate to 


peripheral edema was generally present 
only patients studied who were free 
ure normal venous pressure ind ibser 
significant hepatomegaly were those 
had been tested previously while 


severely cle ipensated ind who h 
proved on therapy All patients had 
tc moderate chroni left-sided failur 
most, some degree of right-sided failur 
been present for months, but during tl 
riod they were ambulatory. All of the Pp 
however, had recently been precipitate 
period of davs or weeks into mor 
right heart failure A considerable 1 
had recovered from previous eps 
cardiac decompensation. The  maiorit 
sponded rapidly to conventional cardi 
apv: these at the termination 
Dicumarol test period (see below t 
ure was considerably improved. The 
ical and anatomical classification of the 
disease encompassed the common 
Cases of rheumatic heart disease wit 
dominant left-sided valvular lesions, at 
of hvnertensive arterioscleroti 


disease with and without previous m\ 
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tion, were included. Some patients had 
pic rhythms and most were afebrile. All 
t strict bed rest under treatment with 
iedications and techniques includ 

italis, mercurial and aciditving diure 
thine derivatives and various seda 

The use of salicylates was interdicted 
r during the testing. The usual low- 
ward hospital diet was administered 
of serious illness some of the 

not have eaten satisfactorily 

t was not tollowed in the investi 
Phe overall nutritional status of the 
is not optimal and was probably 
than that 
vard hospital patients Nevertheless 
| 


result of their illness 


they had recently been ambula- 
were in no sense in a_ state of 
hexia 

r to interpret accurately the hypo 
binemic effect of Dicumarol the 
up, we studied 48 control individ 
did not have any cardiac disease 
were interns, nurses orderlies 
pital staff of average age less than 
irdiacs and a group of patients 
nt from a varietv of disorders not 
the liver or the kidneys, in whom 
sponses to Dicumarol could be anti- 
doth series, control and cardiac, were 

neurrently. 
the test cases were examined by one 
nd followed daily while being studied. 
ely after obtaining the first blood 
ich patient or control was given a 
e of 150 mg. of Dicumarol orally 
( of the succeeding 3 days an addi- 
men was drawn. Within 1 hour 
king of the bloods, they were placed 
rigerator where they remained until 
ibin test was performed (usually 

On each 

r 2 normal individuals, who had 
ed Dicumarol, submitted blood for 
in determinations, and in all in- 


av that tests were 


prothrombin times of the patients 
ls were compared with the nor- 
response of each patient and con- 
standardized dose of Dicumarol, 
was determined by 4 prothrombin 
laily intervals, 1 test before and 3 
drug had been given. 
of the use of a minimally effective 
Dicumarol in this study, it was 
to make the prothrombin tests with 
na. The Quick method as modified 
field and Tuft® was followed, using 
ia diluted with 9. parts of pro- 
(BaSO,). Rabbit 
hydrated with acetone (Difco) was 
of thromboplastin. The average of 


free plasma 


3 such determinations on each specimen was 
taken as the prothrombin time. In addition, 
the prothrombin time of the undiluted plasma 
was also found. Even in cardiacs with severe 
failure the prothrombin time of undiluted 
plasma was hardly affected by the adminis- 
tration of 150 mg. of Dicumarol. This was 
in marked contradistinction to the effect on 
the 10% plasma prothrombin time (see re- 
sults). All the tests were done by one of the 
authors 

In tabulating the results, the prothrombin 
time of the 1 or 2 normals was taken as the 
base line for the tests of that dav. With undi- 
luted plasma, this averaged 15 seconds and 
with LOG plasma, 24 seconds. The determina- 
tions of the controls and patients were charted 
is the number of seconds above +) or 
below lalmost always the former] this 
value. The 4 days’ testing in any instance was 
charted as a curve which represented the 
number ot seconds on each ot these days 
that the patient or control differed from. its 
normal 

The detailed analyses of the data were 
performed with the results of the 10% plasma 
tests. For the purposes of statistical analysis 
and to present the results in compact form, 
the prothrombin curve of each cardiac patient 
and control was reduced to a single figure. 
This was derived by noting that test which, 
after the administration of Dicumarol, showed 
the maximal prolongation of the prothrombin 
time above the normal for that day. This 
was almost always the test performed 24 
hours after the drug had been taken. This 
figure was further modified to the number of 
seconds above the normal or the pre-Dicu- 
marol level for that patient; whichever was 
less. In some instances the number so ob- 
tained was the same as prior to modification 

the patient's pre-Dicumarol prothrombin 
time was the same as the normal) but in 
many it was reduced, especially in the car- 
diacs. This is explained by the fact that in a 
considerable number of the latter the initial 
prothrombin time was above normal. The 
overall effect of the correction was to lower 
the figure for prolongation of the prothrombin 
time in the cardiacs. 

Because of the procedure followed in per- 
forming a test of normal plasma and having 
the results of multiple tests on each cardiac 
patient, it was not considered advisable to 
deduce the concentration of prothrombin 
from the prothrombin time on a_ dilution 
curve. That such a procedure would not have 
affected the results or conclusions was shown 
by the calculation that the mean minimal 
concentration of prothrombin after 150 mg. 
of Dicumarol was 95% in the normals, 79% 
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in those cardiac patie nts with mild to absent 
tailure, and 64% in 
severe failure 


those with moderate to 


Results. PROLONGATION OF THE PRO 
THROMBIN Time. Fig. 1 shows the 
prolongation of the 10% 
plasma prothrombin time induced by a 
single dose of 150 mg. of Dicumarol 
in control individuals and Fig 
the effect of the 


maximal 


2 shows 


same dose in the 


CONGESTIVE HEART 


FAILURE 


Inspection of the bar diagra 
reveals a greater prolongation of 
prothrombin time in the cardiacs, but 
this applied only to those in moderati 
to severe right heart failure. Of t 
cardiacs in severe failure, 77% showe: 
prolongation of more than 6 secon 
whereas on] 13% of 


11% of the 


showed such an effect 


the controls a 
mild failure 
kor the deter 


cardiacs in 


cardiac patients. nations summarized in Table 1. th 
SECONDS ABOVE NORMAL 
Fig. | Maximal prolongation of 10 plasma prothrombin time after 150 mg. Di 
in ontrols 

S 4 

= 

2 


+6 +8 +10 


+12 +416 +18 +20 +2) +26 


SECONDS ABOVE NORMAL 


Fig, 2 
Ops n bars 
Blac ked bars 


Same as Fig. 
absent and mild right heart failure 
moderate and severe 1 


in cardia patie nts 


ht heart failure. 
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ases in which the 104% plasma pro- 
hrombin times after Dicumarol were 


ess than their pre-Dicumarol figures 


negative values in Fig. 1 and Fig. 2) 

vere regarded as showing no. etlect 
Dicumarol. This 

id relatively little influence upon the 


simplification 


tatistical constants and in the tests 


significanc c. 


ABLI | STATISTICAL CONSTANTS 
PHkEe PROLONGATION OF THE PRO 
THROMBIN TIMI 


CARDIAC FAILURI 

Mod Abs 

( t to Sev to Mild 

2.4 9.7 8 

error of 

Mlear 0.4 1.8 


SECONDS ABOVI 


10% plasma prothrombin time curves 


(the observed difference was 4 times 
the standard error); in all the cardiac 
failures the difference was of less sig- 
nificance (the observed difference was 
2 times the standard error); in those 
mild failure the 


signifi- 


with absent to 


observed difference was not 
cant: the difference between the absent 
io mild and moderate to severe failures 
was 3 times the standard error and was 
significant. 

In addition to the examination of the 
maximal prolongations, other subsid- 
iarv characteristics of the response 
to Dicumarol were noted: 
time of 10% 


plasma prior to the administration of 


l. The prothrombin 


Dicumarol was 2.4 seconds higher in 


DAYS 


of 5 cardiacs in moderate to severe failure 


150 mg. Dicumarol given on O day. 


ie standard error of the difference 
veen the means of the controls and 
other groups was 1.8 for the 
erate to severe failures, 1.0 for 
bsent to mild failures, and 1.2 for 
the cardiac failures. This differ- 
in the case of the moderate to 
re failures was highly significant 


the cardiacs than in the controls. The 
time of onset of drug action could not 
be compared in the 2 groups because 
after 24 hours (2nd test) almost all 
controls or patients who were to show 
an effect from the Dicumarol, already 
exhibited hypoprothrombinemia. 
Examinations of the blood at shorter 


il 
| 

| 
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intervals after the administration of the 
drug would this 
determination. 


be necessary for 

2. In assessing the intensity of action 
of Dicumarol, the duration of its hypo- 
prothrombinemic effect was examined. 
In the after the 2nd_ test 
there definite tendency for a 
rapid return of the prothrombin time 


controls, 


Was a 


to the initial level. In the cardiacs, 
especially those in more advanced 
decompensation, there was a more 
gradual fall, though at the time of the 
last test the curve usually 


returned close to the initial value. 
Fig. 3 shows the prothrombin curves 


of 5 cardiacs in moderate to severe 


CONGI 


STIVE HEAR 


FAILURI 


administration of Dicumarol to cardiac 
patients ... must be done with caution.’ 
However, they did not mention the pres- 
ence or absence of cardiac decompen 
sation. Wishart and Chapman* treated 
a group of patients with congestive 
heart failure with Dicumarol and noted 
that’ such patients required a smallet 
dose of Dicumarol than compensated 


patients. On the other hand Anderson 


and Hull’ treated 61 patients with 
Dicumarol, many of whom had moder 
ate to severe congestive heart failure 


The response to this drug was of the 
same order of magnitude as could have 
been expected in other patients. While 
our determinations were carried out in 
a different manner from those quoted 


failure, and Fig. 4 those of 5 control 
é 
= 
< 
Fig Same iS 
individuals. The more marked and 


prolonged effect of Dicumarol in the 
cardiacs is evident. 

Discussion. These findings indicate 
that patients in moderate or severe 


right heart failure exhibit a greater 


hypoprothrombinemic response to a 
standard dose of Dicumarol than do 
normal individuals. Previous investi- 


gators have urged caution in the use of 
Dicumarol in such patients in order to 
avoid excessive hypoprothrombinemia. 
Cotlove and Vorzimer® treated 6 
patients with heart disease and throm- 
boembolic complications with Dicum- 
arol and noted excessive reductions in 
the prothrombin. They stated “the 


they are probably applicable to clinic 

practice the idea that 
smaller doses of Dicumarol should | 

used in the presence of heart failu 
than in its absence. 


and support 


There is variance of opinir 
regarding the prothrombin level 
patients in heart failure. We found that 
with undiluted plasma there was no 
difference between controls and car 
acs, whereas, testing with 10% plasn 
the prothrombin time of the cardiacs 
was 2.5 seconds greater. Cotlove a 
Vorzimer® found normal undiluted and 
12.5% plasma prothrombin times in 13 
patients with moderate 


failure. Wishart and Chapman‘ rep 


or Se\V 


i¢ 
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STATS, 


ed the average initial prothrombin con- 
centration to be 62% of normal in their 
cardiacs, while Anderson and Hull! 
showed that 23 of 142 cases of cardiac 
failure had a prothrombin level much 
below normal; in 9 cases it was 30% 


or less of normal. Before Dicumarol 


s administered therapeutically to any 
patient, the prothrombin time should 
be determined. In the case of a patient 
n cardiac failure, a low level would 
be of great importance in the decision 
to use either a smaller dose of Dicum- 
iol or another form of — therapy. 
Administration of Dicumarol to a 
atient with a markedly reduced con- 
entration of prothrombin is contra- 
idicated 
While. in general, our material 
the hypoprothrombinemia induced by 
Dicumarol was of much greater degree 
severe as opposed to mild right 
it failure, we could not satisfactorily 
relate the magnitude of the response 
the height of the venous pressure 
the size of the liver within. the 
up ot severe failure. Others have 
umed that both the initial hypo- 
thrombinemia and the excessive 
sponse to Dicumarol in these cases 
due to impairment of liver function 
lting from congestion. This is 
pported by previous observations of 
pressed liver function in congestive 
it failure which were summarized 
Lichtman® and the fact that hyper- 
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reaction to Dicumarol has been report- 
ed in some cases of cirrhosis of the 
liver’. The fact that in our cases the 
decompensation improved rapidly with 
a concomitant lessening of the effect 
of the Dicumarol on retesting, elimi- 
nates the possibility that organic 
changes (cirrhosis) could have been 
responsible for the observed effects. In 
addition to functional impairment of 
the liver, it is also possible that tempo- 
rary derangement of renal function may 
play a role in this regard. That pre- 
renal deviation of fluids is a common 
occurrence in right heart failure has 
been known for a long time!. Adminis- 
tration of Dicumarol to animals with 
impaired kidney function results in 
extreme hvpoprothrombinemia?. 

Summary. 1. The hypoprothrom- 
binemic effect of a single dose of 150 
mg. of Dicumarol was determined in 
1S control subjects and in 36 patients 
with varving degrees of right-sided 
cardiac failure. 

2. Clinical and statistical analvsis of 
the results showed an increased 
response in those cardiacs with moder- 
ate to severe failure. 

3. When Dicumarol is administered 
to patients in cardiac failure for the 
treatment of thromboembolic con- 
ditions doses smaller than those recom- 
mended for the average patient should 


be administered. 
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sensitivity reaction. This paper is the 
result of an attempt to evaluate the 
merits of this association by a study of 
several cases of each type and a review 
of the pertinent literature. 

First, by a discussion of the embrvy- 
of the 
affected, we shall attempt to establish 
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IN recent vears the term “collagen the concept that these are not diseas " 
diseases has been introduced into — of ‘collagen but of the = enti 
medical terminology suggesting a mesenchymal defense unit. Second, w 
re latic nship between several condi- shall consider the evide nce of a COl 
tions that had previously been re- mon alteration of the physiology 
garded as separate and unrelated this tissue unit on the basis of al 
disease entities. The association of normal serum globulin levels. Thir 
these diseases has grown out of the we shall consider the cause whi 
belief by certain authors that the provokes the defense unit to activit 
structural alterations are comparable Fourth. we shall discuss the possil 
that the lesions involve the same factors which condition the respol 
tvpes of tissues, and that the etiology of the defense organ; and, finally 
is related in each instance to the hvper- shall compare the clinical and_ pat 


ological aspects of these diseases by 
study of our own patients and of th 
reported in the literature 

Concept of the Mesenchymal De 
atives as a Tissue Unit. It is assum 
if the term “collagen diseases” is to 
taken literally, that the 


denominator of these diseases 


Ss 
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lesion, structural or functional, seated 
in collagen. But collagen’’ is related 
chemically to hyalin, a homogeneous 
natrix produced by the active cartilage 


ell and to osteoid. the product of the 


steoblast. This chemical relationship 
loes not surprise us since these 3 
ells. the fibroblast, the chondroblast 
nd the osteoblast, are all derivatives 
tf the same stem primitive mesen- 
hvme, and in their early stages are 
wrphologically indistinguishable. In- 
leed, there is considerable evidence’ 
to support th hypothesis that the. 
yun forms of these cells may under- 
» transitions, one into the other 
lepending their environment 
nad tissue evocators 

There is still another tissu tvpe 
mesenchymal derivative. which 


believe plavs an important role in 


Collagen diseases. This is the so- 
led reticulum or reticulo-endothelial 
ster By this term we mean that 
wecific tissue substance of reticulated 
ittern. that comprises a considerable 
ol lvimph nodes spleen and bone 
irrow and is represented in the liver 
relatively large amounts by the 
piter cells. We believe that a con- 
leration of this particular mesen- 
mal derivative and its function is 
st essential to a discussion of the 
diseases 
Since, in the collagen diseases there 
consistent and fundamental 
inges in a minimum of two = and 
nore ot the ibove derivatives 
mesenchyme and not in collagen 


ne. it seems profitable to examine 
group from a phvlogenetic point 


iew. In early embrvonal lite the 
nchvme exists as a body of im- 
sely protean potentialities giving 
to the supportive, binding, and 


ling tissues of the body. But as the 


matures the mesenchyme 
If becomes ot less and less impor- 
e and its derivative cells, the 
blast chondroblast, — reticulum, 
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muscle, and other types of less impor- 
to this 
persist throughout postnatal lite. 


and 


Fig. 


tance discussion, emerge 
| is a simple diagram illustrating the 
relationship of these cells. 


Mesenchyme 


Osteoblast 


J 
| Myoblast Chondroblast | 
Reticulum | Osteoid 
Hyalin 


Relationship of Mesen hvmal 


Derivatives 


Concept of a Common Functional 
Alteration. One of the most important 
and primitive functions of the mesen- 
chyme is that of defense. As it recedes 
with maturation, it bequeaths to its 
more differentiated offspring of cell 
types something of this same function. 
It is in the reticulum that we have a 
of a_ tissue adapted 
to. this This 


defense function is achieved through 


good example 


almost solely purpose. 
both physical and chemical means. The 
Ivmph nodes are principally reticulum 
bodies strategically dispersed along 
lvmph channels acting as mechanical 
filters tor the particulate matter which 
to the 
The filtered matter is phagocytized by 
the littoral reticulum cells. This filter 
of the 
earliest of the reticulum functions. The 


to 


might be injurious organism. 


mechanism is probably one 

motile 
granulo- 
evtes which mav be dispatched to the 


reticulum also gives rise 


histiocytes, monocytes, and 
scene of injury to actively phagocytize 
particulate offending agent. Still 
further and _ still more important the 


(probably ) 


aby 


reticulum and its deriva- 
tives are responsible for the formation 
of circulating antibodies, the immune 
globulins, which plav a defense role 
in some vet unexplained manner. 


The formation of globulin through 
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the action of the reticulum is not vet 
clearly understood. Globulin is appar- 
ently associated with the production 
ot two cell types, each with densely 
chromatinized nuclei and evtoplasm 
peculiar to the cell, the lymphocyte 
Ehrich 


indicated 


and and 
their 


belief that antibody production, and 


the plasma cell 


others?! have 
therefore gamma _ globulin production, 
is intrinsically bound with lymphocyte 
that it is 
the plasma cell which plays the impor- 
tant role in this function®. It has been 
suggested in relation to the latter that 
the histioeyvte mav release certain prin- 


formation; others*" believe 


ciples of its cytoplasm as globulin and 


by this loss undergo a change in 
morphology becoming what we recog- 
nize as the plasma cell". There is some 
evidence to support this hypothesis 


The infiltration of plasmocyvtes occurs 


in inflammation about the time the 
antibody titer rises. High antibody 
titers have been found in accumula- 


tions of plasma cells**. Is it possible 
that both plasma cells and lymphocytes 
are concerned in globulin production, 
each responsible for its own particular 
protein traction? 

Since the fibroblast, 


and osteoblast are so closelv related to 


chondroblast. 


the reticulum cell genetically, it seems 
reasonable to propose that they too 
inherit from the mesenchymal stem a 
defense function as well as one. of 
This probably 
expressed in the cytoplasmic constitu- 
tion of the cell and, therefore, might 
be termed fixed or tissue immune sub- 
stance in contradistinction to the cir- 
culating liberated 
by the its derivatives. 
Such that 
change takes place within the con- 
stituents of the the 


Ehric h 


Production of 


repair. character — is 


immune substance 
reticulum 


reasoning 


and 


suggests some 


cytoplasm ‘of 


and Drabkin have 
Antibody bv 


Forman, 
ind the 


very 
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cells lk Tre 
This 


considered analogous to the 


mesenchymal derivative 


sponse to an antigen substance 


might be 
serum gamma globulin which is 


the 
that the altered cytoplasm may undergo 


released by reticulum. Assuming 


a characteristic degenerative change 
in the the 
delineate the tissue pattern of the var 


presence of antigen, we 


ious sensitivity responses — on an 


embrvologic basis. In support of this 
Warren*! found that labeled antigen in 


sensitized found = ir 


guinea pigs was 
the edematous peribronchial fibrous 
tissue in anaphylactic shock. 

Thus, it follows that we may regard 
the entire system, the mesenchyma 
derivatives, as a tissue unit designed 


defense which for the 


as an organ of 
purposes ot this clisc uUSSION We may cal 
the this 


unit upon which falls the whip of the 


“defense unit.” It is defense 


noxious agents that cause the collage: 
We shall hereafter 
term to include the several 


diseases use th 
tissues 
varied morphology, indicating chang 
that 


their structure. We might diagram on 


include their function as well 


defense unit and its components as 
Fig. 2. 

The Agents That Provoke Defense 
Organ Activity. The simplest examp 


Fixed Tissue Motile Cell 


Derivatives Derivatives 
Y 

Tissue Globulin 

Antibody Antibody 


Fic. 2 Conce pt of a defense unit an 


its compon nts 


evidence Nuc ke 1¢ \ 
183, 1949) that 


recently presented 


Fed Pro §, 


] 
1m 


them to support this concept. See also an abstract in the Proceedings of the March meetin 


the Phila. Phvsiol. Sox Am. J. Med. Sci., 


217, 


710, 1949 
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of this detense mechanism is seen in 
the normal response of the body to an 
intigen, such as a foreign protein. An 
untipody is formed and released in the 
blood stream and as the antibody titer 
rises, the antigen level falls, presum- 
tbly by some reaction resulting in 
nitive neutralization®*. If the organh- 
ism is subjected to further antigen 
ontact in response to which the 
reticulum has already produced anti- 
body, a hypersensitivity reaction may 
result. Such hypersensitivity reactions 
may take several forms according to 
Rich depending upon the route of 
entry of the antigen on first and subse- 
juent contacts, the amount of antigen, 
the degree to which different sensitiz- 
ible tissues become sensitized in dif- 
ferent individuals or species, and the 
haracter of the sensitizing agent. 
Such reaction is commonly manifested 
by a lesion that embodies two separate 
processes. The first of these is a peculiar 
etrograde change which been 
illed fibrinoid degeneration. In_ its 
irly stages it is distinct from other 
types of degeneration but if it proceeds 
necrosis, it often loses its identity. 
When this process affects the walls 
t the capillaries, as it invariably does, 
results in increased permeability. 
ie second process manifested 
ese lesions is a proliferation of the 
ticulum derivatives. In the early 
tages it is usual to find proliferation 
the endothelial lining cells and con- 
uous aggregations of histiocytes 
plasma cells, and 
nphocytes. In the older lesions these 


acrophages )**, 


lls are replaced by neutrophils and 
sinophilic leukocytes as one might 
pect in consequence of the necrosis. 
some of the collagen diseases** the 
rinoid degeneration predominates, 
others the more dramatic feature 
the proliferation, but in all there is 
least an element of both. 

We may regard the hypersensitivity 
iction, then, as an abnormal activity 
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of the defense organ, characterized by 
gamma globulin 
(antibodies) and alteration in the 
fixed mesenchymal tissue expressed in 
degeneration and _ proliferation. 
Concept of the Conditioning Factors. 
There are other factors, however, that 


a production of 


condition the reactions of the defense 
organ. These factors are so poorly 
understood that more than mere men- 
tion would be speculation. They may 
render the defense organ more or less 
vulnerable to the antigen provocator 
or they may cause a change in_ its 
products or its activity. One of these 
factors we may designate by the term 
constitution. Thus, the response may 
depend not only upon the stimulus 
but upon the individual and_ racial 
differences of the defense organ itself, 
“the stuff’ out of which the mesen- 
chyme and its derivatives are made. 
The constitutional factors would in- 
clude not only the hereditary elements 
but also those concerned with environ- 
ment, nutrition, and so on. 

\ second conditioning factor ap- 
pears to be intimately related to the 
hormone secretions. We may designate 
this as the endocrine factor. That there 
is an inverse relationship between 
adrenal cortical activity and the 
amount of lymphoid tissue is fairly 
definitely The au- 
topsy pathologist is accustomed to find- 
ing large amounts of Ivmphoid and 
reticulum tissue in those conditions 
in which the adrenal cortex is hypo- 
genetic or atrophied. It has long been 
known that the adrenal cortex is essen- 
tial for the proper maintenance of the 
organism in the face of extremes of 
heat and_ cold, infections, and 
trauma**"*, The relationship between 
the adrenal cortical hormones and the 
production of the various globulin 
fractions of the plasma is not so clear. 
Some evidence suggests that the latter 
is inversely proportional to adrenal 
cortical activity. We know that in 


{ 
he 

1S 
it 

l 

} 
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Addison's disease with complete adre- 
nal 


whe re 


destruction or in adrenalectomy 


there is a deficiency in all 
cortical hormones there is a fairly con- 
stant globulin vad 


rise Il) serum 


Conversely in Cushing's syndrome in 
which there is an increase in at least 
the “S’ the globulin falls# 
However White 


cited to the con 


hormone 
the 


be 


work of and 


Dougherty" 


trary tor they produced a rise im 
specific antibody (gamma_ globulin 
by the injection of adrenal cortical 


adrenocortico- 
Mann 
change in the 


hormone o1 pituitary 


trophic hormone animals. 


et al observed no 
serum proteins following the admin 
istration of adrenocorticotrophic hor- 


mone to a normal subject. Forsham 

reported a drop in the gamma globulin 
fraction of the serum proteins in one 
patient to whom adrenocorticotrophic 


Hench 


hormone was given. Recently 


ind his associates have 
i small series of patients with rheu 
arthritis 
that the elevated globulin 
normal after administration of — the 
Kendall Compound E. Since 


cortical secretion is stimulated by the 


matoid and rheumatic fever 


returns to 
adre nal 


pituitary adrenocorticotrophic hor 


mone the pituitary, too, may play 
in important role in conditioning the 
defense organ. In addition, certain 
clinical aspects of the collagen diseases 
such as the sex incidence of lupus and 
rela- 


tionship ot the response ot the defens« 


rheumatoid arthritis suggest a 
organ to gonadal function. We have 
little knowledge whether it is an in 
crease in secretions, a deficiency. or 
in imbalance, but we feel certain that 
these various hormones are important 
reaction of the 
Experimental work is 
under wavy at present which we hope 
will illuminate the 


corners of this aspect of the problem. 


in conditioning the 
defense unit. 


some. of obscure 


\t present we may only hvpothesize 
that the defense organ is provoked to 


\l 


“altered 
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normal Ol ab 
that the 


least) in 


accelerated ictivity 


normal) by an antigen anc 


nature of this activity is at 
part determined by the constitutional 
the 
hormone secretion. This complex reac 


illustrated in 


make-up of organism by 


tion is Fig. 3 


A Comparison of the Clinical and 
Pathological Aspects of the Collagen 
consid 
Usualh 


pel 


Diseases. This brings us to 
ition of thi 


included 


( ollage li lise 


this category Are 


arteritis nodosa. rheumatic fever, an 


disseminated lupus ervthematosus. W 


shall add kre SS because 
the clinical and experime ntal evidenc 
at its similarity to periarteritis Wit 


perhaps less justification we shall als 


include rheumatoid arthritis for 
sons which will be given below. W 
believe that these 5 diseases hay 


common to warrant col! 


With the exce) 


( nough 


sideration as a group 


tion of serum. sickness thev are 
diseases of unknown etiology and tl 
element of hypersensitivity or at |e 


sensitivity reappears 
varving degrees of importance in t 
other 
they appear to be 
entities, the 


are all based On lesions of the Mest 


four. Though symptomatical! 


differs 


svmpto! 


quite 


predominant 


chyvmal derivatives whether they 
in fibrous tissue, bone, cartilage 
muscle. In all there are disturbances 


in the globulin fraction of the bl 


) 
i 
Hormones 
| 
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protem ind the motile cells (infiltrat- 
Wi? p! isma celis and macrophages ot 
reticulum origin. In short, all of these 
conditions appear to be the result of a 
dvstunction and a degeneration and 
roliteration of the cells of what we 


ave chosen to designate the detense 


nit. If the dissimilarities of these 


seases Can be explained on the basis 
modifying influences upon this 
lefense unit then the hypothesis that 
they belong to a group set apart from 
ther diseases of mankind is strength- 
ied. Such is the purpose of the tollow- 
graphs 
Serum Sickness. serum. sickness 
here is no doubt as to the involve- 


ent of the mesenchymal unit. When 
reaction is at its height there is 


neralized lymphadenopathy, a palpa 
le spleen, swollen joints, and a high 
ood globulin®! =". The capillaries may 
olved in’ permeability changes 

h manifest themselves as urticaria 
Ibuminuria. In children there is 

t first a leucoeyvtosis and later a leuko- 
i in adults, there is often no 
inge in the blood picture except 
sionally an eosinonhilia®*. The 
ction is apparently purely and 
ply one of hypersensitivity. It fol- 
vs 7 to 14 davs after the injection 


foreign protein antigen to which 

individual has been previously 
osed and to which his mesenchymal 
fense unit has become sensitized 
ise. is not fatal because the 
ns are minimal and the reaction 
ft short duration 1 to 2 weeks). 
re is no syecific age or sex predilec- 
itthough race mav make a dif 
nee: negroes and American Indians 
il to bi less susceptible than 
es. There is a paucity of material 
erning the histologic lesions of 
n sickness in the human. being 
obvious reasons. Clark and 
lan reported two autopsied cases 
g of pneumonia. Clinical evidence 
erum sickness was present conse- 
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quent to serum therapy. They recorded 
cellular proliferation of the endothelial 
lining of the heart with subendothelial 
aggregations of histiocytes. There were 
perivascular foci of lymphocytic infil- 
tration in the heart, liver, kidneys and 
adrenals. There was only slight evi- 
dence of degeneration in the form of 
fibrinoid change of the mesenchymal 
tissues. Rich reported 5 cases ot 
serum disease in which tissue was 
available for study. The findings for 
the most part were like those of the 
previous series except that fibrinoid 
degeneration Was more conspicuous 
resulting in lesions characteristic of 
those in early periarteritis nodosa. 
Serum sickness can be produced 
experimentally by the injection of a 
foreign protein®’. The lesions are not 
unlike those in human cases except 
that in addition Aschoff-like bodies 
and focal aggregations of monocytes 
or histioevtes have been described. It 
appears, then, that serum sickness is 
a hype rergic state in which svmptoms 
arise from damage to vascular 
endothelial cells, histioevte and Iwmuh- 
ocvte proliferation, mild fibrinoid 
Cegeneration with eosinophilic leuco- 
vte infiltration and increased capillary 
permeability. 
Periarteritis 
nodosa appears, in the light of present 


Periarteritis nodosa. 
knowledge. to be an expression of a 
hypersensitive state. Although Rich* 
and others** have produced the lesion 
experimentally by — sensitization — of 
mnimals with foreign protein, clinically 
the relation to an antigen is not alwavs 
so obvious. The disease has been 
described as arising after antipneu- 
mococcal serum and after sulfonamide 
therapy’. In more than 25% of the 
cases there is a history of long- 
standing allergy such as asthma, hay 
fever, or hives*. In 10 to 14% there is 
in eosinophilia**. There may be an 
enlargement of the lymph nodes and 
nleen'. There may be swollen joints. 


Phere is usually a leucocytosis and the 
serum globulin level occasionally has 
been found to be elevated in patients 
that have been tested?’. As in serum 
sickness there appears to be no 
specific age group, no sex predom- 
inance, and so far as we know, no 
hereditary factor. The tissue alterations 
that are responsible tor the symptoms 
are characterized in an early stage of 
their development by fibrinoid degen- 
eration of the fibrous elements of the 
walls of arteries of small and_ inter- 
mediate size and a proliferation of the 
lining endotheliocytes. There are 
usually subendothelial and perivasculat 
infiltrations of histiocytes, plasma cells 
ind lvmphocytes in varving numbers 
Later the 


necrosis and there is an_ infiltration 


vessel wall undergoes 
with neutrophilic leucocytes. It is in 
this last stage that these lesions are 
most often examined so that the usual 
concept is one of necrosis and exuda- 
tive reaction. If one compares the full 
blown lesions with those reported in 
serum sickness one might question 
the wisdom of considering these two 
diseases in the same categorv. How- 
ever, it should be noted that some 
of the well developed lesions in serum 
sickness resemble those of early perl- 
arteritis, and the prenecrotic prolifer- 
ative changes in the latter are like 
those in serum disease. This suggests 
that the one is a continuation or exag- 
geration of the other. There is also 
experimental evidence to support this 
thesis®*. In the same animal species, 
the same antigen may produce the 
lesions of serum disease or, by a 
greater number of injections over a 
longer period of time, those of peri- 
irteritis. The clinical course of the two 
diseases supports this to a degree. 
Serum sickness is of relatively sudden 
onset, short duration. and rarely fatal. 
Periarteritis is more insidious in onset 
its duration is measured in months 
ind its outcome is usually fatal. 


Ho) PROGRESS OF MI 


DICAL SCIENCI 

Rueumatic Fever. Although — in 
rheumatic fever there is considerable 
evidence that an altered sensitivity 
plays an important role, there are 
unquestionably other factors, such as 
infection and constitution concerned 
Clinically the disease is manifested by 
swollen joints and cardiac dystunction 
Pericarditis, pleuritis, pneumonitis, and 
peritonitis all representing disease ol 
the mesenchymal unit may occur 
Although the lvmph nodes may present 
microscopic changes, they are rarely 
enlarged, or at least not palpably SO 
excepting those of the mesentery. Noi 
is the sple n palpable There is a rise 


in serum. globulin and in 
periarteritis there is often leuco 
cvtosis. It is difficult to ignore the fact 
that attacks of rheumatic fever ar 
often precec d by sore throat and that 
Swift™ has shown the presence of 
pathologic amounts of antistreptolysii 
O in 90% of the cases. After inducin 
multiple successive focal group \ 
streptococe al infections in rabbits, eac! 
caused by a serological type hetero!| 
ogous to those previously employe: 
lesions developed in the mvocardiu 
which Murphy and Swift’ belie 
show a remarkable similarity to tl 
pathognomonic lesions in human rhe 
matic fever. It is, therefore, assum 
that it is the hemolvtic streptococe 
infection which is important in initi 
ing the lesion of rheumatic fever 
The structural lesion of rheumat 
fever is the Aschoff body. It is. sé 
in its purest form in the  interstit 
tissues of the mvocardium in relati 
to its arterioles but it mav be fou 
in a modified form in the subcutane 
rheumatic nodule, in the alveolar | 
titions of the lungs, in arterial wa'ls 
and, indeed, in almost any ot 


mesenchymal tissues involved*”* 

In its classic form it is not like ( 
lesions of periarteritis nodosa 
serum sickness, vet in 2 cases of 


fulminant rheumatic fever we hov 


cl 
t] 
il 
+} 
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seeh 


lesions in the small arteries that 
like 


irteritis nodosa, including the presence 


ire quite those of early peri- 


of fibrinoid degeneration and mononu- 
clear cell infiltration. The work of Rich 
ind ( 


sregory"! stands as the best exper- 


imental evidence that the lesions of 
these two cliseases are similar. They 
produced what they interpreted as 


Aschoft bodies in animals sensitized to 
uforeign protein. Hopps and Wissler** 


ind others have produced similar 


Phere are doubtless differences 


CSIOLLS 


between the experimental lesions and 


those found in the human heart, but 
there has been an ever increasing 
ndenev to accept these differences 


s reasonable variations a_ type 
iction despite the warnings of the 
urists 

Occasionally, acute rheumatic fever 
id periarteritis nodosa in young chil- 
be difficult to differentiate 


however, certain 


may 


ally There are 
portant dissimilarities between rheu- 
itic fever periarteritis nodosa 
d serum sickness. In rheumatic fever 
age factor obtains, for the character 
the disease changes as the patient 


Wilson™ the 
t that the susceptibility of the host 


itures has stressed 
important and points out a strong 
Hench** 


d his associates have reported the 


reditarv tendency. Recently 


id clinical improvement of three 
es of rheumatic fever with lowering 
high serum globulins after the 


‘inistration of the adrenal cortical 


mone (Compound E). Thus we see 
though rheumatic fever is a dis- 
of the mesenchymal defense unit 
though hypersensitivity mav be an 
tant element, the initiating fac- 
f infection and the conditioning 
rs of age (endocrine ?) and con- 
tion also plav a part. 

HEUMATOID ARTHRITIS. Rheumatoid 
ritis is a generalized systemic dis- 
the chief manifestation of which 


iinful swelling of the joints. In its 


AND 


BACTERIOLOGY 


chronic form there is asthenia®*? and 
anemia~". There is usually elevation of 


Unlike the dis- 


eases discussed above, rheumatoid ar- 


the serum globulin". 


thritis may present a leukopenia as the 
disease progresses”. In a rare adult 
type (Felty’s syndrome) there may be 
an enlarged spleen and in the childhood 
manifestation (Still's disease ) general- 
ized lymphadenopathy and splenic 
enlargement are prominent as well as 
this 


disease the factor of specific hvper- 


an elevated serum globulin™. In 


sensitivity is not clinically or experi- 
mentally obvious. The role of infection 
has not been definitely determined**, 
although Sclater"® reported that 12 to 
21% of initiated by 
some type of infection and that foci 
of infection were found in 38%. 

The the result of 
degenerative proliferative lesions 


his cases were 


symptoms are 
in the fibrous tissue, hyaline cartilage. 
bone and periarticular muscle of the 
joints, all of which are mesenchymal 
derivatives. Indeed, careful examina- 
tion will show changes in these ele- 
that are 


specific, in 


not 


organs’. 


characteristic, if 
the 
examined muscle 
biopsies from 27 cases of clinically 
typical arthritis. In 26 
they aggregations of 
reticulum derivatives which they feel 
are highly specific for the disease. In 


ments 
most of 
Steiner and Chason*™ 


rheumatoid 


found cellular 


16 cases of lupus erythematosus they 
found similar though distinguishable 
muscle 


lesions in 6 and in 1, lesions 


identical with those in 
arthritis. In 
amount of 


which were 
rheumatoid 


limited 


surveving a 
material (biopsy 
material from 10 cases) we have been 
impressed by the pure and classical 
picture of fibrinoid degeneration. This 
the rheumatic 
nodule and in the dense fibrous strue- 


is especially true in 


ture of the joint capsule. In the 
svnovial membranes and subchondral 
tissues the cellular reaction in our 


cases was predominantly plasmacytic. 


oe 


One might reasonably ask why rheu 
matoid arthritis is included in the 
collagen group. The reasons are sum 
marized as tollows: it is a disease ot 
unknown etiology; it is a disease of 
mesenchymal derivatives; in the early 
stages the histological changes are 
characterized by fibrinoid de generation 
and proliferation of the reticulum 
derivatives: there is an elevation § of 
serum globulin suggesting a reticulum 
dvystunction. Infection on hypersensi 
tivity to infection may play some 
precipitating rol 

In rheumatoid arthritis as seen in 
the young patient there are important 
clinical similarities to rheumatic fever 
that first manifests itself in the second 
Ol later In young childre the 


( irdiac 


manifestations of rheumatic 
fever are the prominent features, the 

volvement of joints being less prom- 
In adults the reverse is. tru 
ind in this overlapping age group the 
two diseases mav be difficult clinically 
to distinguish in the early stages 

The rheumatoid nodule may be indis 
tinguishable from the nodule of rheu 
matic fever; there is a high incidence 
of rheumatic heart -disease in rheu- 
matoid arthritis*® #5 

In this disease the endocrine factor 
becomes more manifest. As Pember- 
ton®* has pointed out the asthenia, the 
hypotension, the abnormal sensitivity 
to heat, cold and exercise, and the 
elevation of the serum globulin suggest 
a hypofunction of the adrenal cortex 
either primary or secondary to hypo- 
function of the pituitary. There is also 
in association with ovarian function. 
[In most series of cases there appears 
to be a predilection for females®*-°* 
Remissions have been known to occu 
during pregnancy- Joint manifesta- 
tions may appear for the first time or 
may be exacerbated by the meno 
pause™’ or following castration®’. It 
must be admitted, however, that hor- 
monal therapy had yielded disappoint- 
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until the work of Hench 


i4 cases of moderately severe rheu 


ing results 


matoid arthritis improved rapidly wit! 
ot the 
( ompound ke 


the administration adrena 


cortical hormon 


others responded equally well to the 


adrenocortico 


1 
hormone ot thr 


administration of — the 
trophic pituitan 
Rheumatoid arthritis is said b 
familial by both Cecil and Pember 
ton 

fo summarize, rheumatoid arthrit 
mav be regarded as a systemic disea: 
the mesenchymal derivatives 
vhich altered sensitivity and intectic 
plav still undefined roles as precipitat 
ind in which the modifvir 


mg factors 

factors of constitutior ind) hormon 

Imbalances ire probably concerned 
Lupus Eryruemarosus. Finally 

must cor disseminated lup 

ervthemato 

7 of them autopsied. shows them to 


| found in the. lit 


A study of our 9 casi 


al of those 


iti Phe patients were 

females ranging from 12 to 41 ve 
Phe mayorit had COM lized Iwm 
adenopat! palpable spleen. and 


enlarged liver \s clinic CVI nee 


involvement ol the mesenchy 
derivatives there were serous eflusi 
and capillan changes. In more. tl 
halt the 
edema of the face and all of tl 


showed evidence ot kidney dvysti 


patients there was locali 


tion which ranged from albuminuri 


uremia There was electrocan 


graphic evidence of mvocardial d 
age in 9 patients Pain and swel 
of the joints were note d in 6. Altho 
the evegrounds were normal in 6 ¢ 
early in the course of the disease 1 
lema and he morrhage develope 
the late stages The typical skin | 
Was present in all the cases at s 
time during the course of the diseas 
and in most it involved other 
of the body as well as the face. 
Evidence for a physiological dist 


ance of the mesenchymal defens« 


tl 
) 
( 
ty 
| 
\ 
Lhe 
( 
( 
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the disturbances in 


seehl thi serulh 
attributed to 


There was an elevation 


protem or mm reactions 


h ( hang 


t the serum globulin in all 9 cases. 
evere auto-agglutination occurred in 

patients and transfusion reactions 
that could not be attributed to mis- 


typing or to the Kh factors were seen 


} cases. The Wassermann reaction 
hanged from negative to positive dur- 
g the course of the disease in | 
vatient and has been reported as 
uctuating im Il of 33 patients studied 
v Coburn ln 4 of the 5 patients in 
hom a Congo red test was done it 


is positive. ‘Teilum** has found what 
calls an atypical amvloidosis in a 


oh proportion ot his cases of lupus. 


lle believes these “amyloid’ deposits 
e made up of abnormal globulin 
Others** have reported a high inci 
nee of amvloidosis in rheumatoid 
thritis 
It is of interest that whereas a 
icocytosis Is Common In periarteritis 
dosa, in the early stages of rheu- 
tic fever, and in rheumatoid arth- 
s, leukopenia, anemia, and thromb- 
topenia are the lupus 
thematosus and in the late stages of 
umatoid arthritis. This might be 
to a malfunction of the spleen, 


hypersplenism” of Dameshek'*. In 
t the 5 patients in whom the bone 
studied it 
or hyperplastic there 


rrow was found to 
nor ial 


Was 


in these cases, no evidence of 


ised blood destruction so far as 
| be determined by fragilitv tests 
serum bilirubin. 

lesions ot 


estructural lupus 


ematosus have been adequately 


ibed by Libman and = Sachs*’, 
B Klemperer, and others. 
itially the lesion is of 


the 
Occasionally 


oid degeneration of mesen- 


the 
on in and about the small arteries 


il derivatives. 


be accompanied bv a proliferative 


( ion to produce a picture not 


AND 
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unlike that of nodosa. 


Changes in the lymph nodes have been 


periarteritis 


described by Fox and Rosahn?" who 
believe them to be specific. We have 
only once found lymph node biopsy 
ot great help diagnostically, but we 
have seen sections of a lymph node 
from a case of fulminant rheumatic 
fever that fitted well with their descrip- 
tion. We believe that no pathologist 
would — be that the 


cardiac lesions of lupus ervthematosus 


willing to state 


identical with those of 


are rheumatic 
fever, vet there are certain common 
elements and within wide variations 


there is some overlapping. Concerning 
a comparison of the lesions of lupus 
and those of rheumatoid arthritis we 
believe there is too little recorded to 
warrant a conclusion. 

Because of a degree of similarity of 


the lesions of lupus and those of the 


other collagen diseases we should 
consider what evidence there is for 
the factor of altered sensitivity in this 


disease. In our cases the following was 
found: in 1 case the disease flared up 
and the patient died within a month 
atter the 


gold, in a 


administration of 1 mg. of 


second the condition was 
exacerbated by gold therapy, and in a 
third, agranulocvtosis developed dur- 
other patient had an eosinophilia as 
weeks. Fatal 


have been 


ing treatment with sulfadiazine. 
high as 12% for several 
or extreme reactions 
reported following the administration 
of tetanus antitoxin®* tuberculo- 
Avvazian Badger= 


reported death from lupus erythem- 


protein’. and 
atosus in 3 nurses following Dick toxin 
and typhoid vaccine. 

There is considerable evidence that 
infection may play a part in the 
development of the disease. Six of our 
patients described an infection as the 
These infections 
cellulitis of the knee, 
pharyngitis, pyogenic parotitis and an 
infected The factor of sul- 


precipitating event. 
included a 


abortion. 


PROGRESS 


fonamide therapy which in itself might 
produce hypersensitivity makes intec- 
tion hard to evaluate. In all of ow 
cases minor but persistent infections 
were found early in the course of the 
disease: pharyngitis, sinusitis, mastoid- 
itis, abscessed teeth, colitis. The termi- 
nal infections, empyema and _staphyl- 
ococcic septicaemia which were found 
at autopsy were probably the result of 
altered immunity and not important 
etiologically. 

Concerning the endocrine factor in 
lupus erythematosus the evidence is 
confusing but it is apparently related 
Almost all the cases 
are females in the active sex period! 


in some manner. 
Rose*? reported a case in a male with 
an increased estrogen-androgen ratio. 
Coburn'= reported testicular atrophy 
in one case in a male. In 2 of ow 


cases, the disease was initiated by a 


long period of amenorrhea and _ in 
it began in the postpartem period, 
There 1S also some evidence tor hypo- 
All of 
complained ot severe 
weakness and asthenia. Ultimately they 
became emaciated. It is known. that 
the patient with lupus erythematosus 


function of the adrenal cortex. 
our patients 


reacts badly to extremes of heat and 
cold". In 3 of our cases in which the 
blood chlorides were determined they 
were below normal. Coburn!'= re- 
ported a diffuse fibrosis of the cortex 
and lipid depletion in 3 of his cases. 
In 2 of our cases there was a definite 


degeneration of the 


adrenal cortex. 
\t present we do not know whether 
the adrenal cortical hypofunction, if 
there is a hypofunction, is primary 01 
secondary — to pituitary dysfunction. 
Coburn’? reported 1 case with focal 
' Although 
little evidence in the 
literatures” to suggest a hereditary 
or constitutional factor, 1 patient had 
a brother with “rheumatism.” 

Lupus erythematosus, then, is a dis- 


necrosis in the pituitary. 


there is very 


ease of the mesenchyme and its deriva- 
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tives. Altered sensitivity and infectior 


appear to play some, as yet unde 
termined, role in its etiology, and it 


character is probably modified — by 
hormonal influences and perhaps bi 
the constitutional make-up of th 
individual. 

Discussion. We have presented th 
concept that certain of the cells aris 
ing from the primitive mesenchyme 
including reticulum, and their pro 
collagen 


ucts, globulin and perhay 


hvalin, osteoid, and muscle, play 


role in the defensive as well as th 
reparative processes of the organis! 
When thei responses are CXCessive 
abnormal, certain diseases may result 
We hav rev ie wed SOME ot the know 
facts, some of the experimental data 
and some of the theories of the me¢ 
anism and etiology of serum sickne 
periarteritis nodosa. rheumatic fever 
rheumatoid arthritis, and disseminat 
The comm 


lupus erythematosus 


factors of collagen degeneration 
volvement of the blood vessels and t 
connective tissue of the heart, jomits 
and other parts of the body, the pres 
ence of a common serosal lesion a 
the features of lymphadenopathy 
splenic enlargement in addition to 
rise in serum globulin suggest that 
these diseases are all abnormal re 


tions of the above mentioned mes 


chyvmal defense unit. It has seemed t 
us that 


between Orne 


there are certain. similarit 

and another, but as 

progress through the series they show 
ever widening variations. To be mort 
explicit, serum disease and periarteritis 
nodosa are verv much alike at one 
of the 
playing 


series with hypersensitiy it) 
a predominant role. At he 
other end rheumatoid arthritis 
lupus erythematosus show some. strik- 
ing similarities but the factor of sensl 


Here ther 


appears to be an abnormal functiol 


tivity is not so evident. 


of the defense unit which differs ym 
that which is found in serum sickness 
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AND 


ind periarteritis nodosa and in which 


hypersensitivity apparently plays a 

it small role. In the middle of the series 

b s rheumatic tever. In the fulminant 

b type of rheumatic fever in young chil- 

h lren, the disease bears a resemblance 

to those on the left, particularly peri- 

irteritis nodosa; in the attenuated type 

n adults it tends to simulate the dis- 

n on the right, especially rheu- 

atoid arthritis. Regarded in the above 

i rder there are striking similarities of 

ontiguous entities and striking differ- 

t]| neces between the diseases at either 
S nd of the series. 

Whereas excessive or abnormal 

efense unit activity -mayv be the basic 

) sturbance in all these collagen dis- 

al ises there are certain other modifying 

factors such as hormonal influence 

| constitution which also cause vari- 

tion in the clinical and morphological 

t aracteristics. We agree with Klemp- 

rer’? that all these similarities are not 

ecific enough for us to make the 

eeping assumption that all the 

i lagen diseases are simply a variety 

}) manifestations of the same disease 

wess with a single etiology. There 


doubtless other factors, still undis- 
] 


sed, that will explain differences in 
conditions 


And 
re 


lastly, although we have con- 


5 entities under the heading 
collagen diseases.” do not mean 


lefine 


if 


we 


its limitations so precisely. 
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Actually there seems to be much evi- 


dence that scleroderma and derma- 


tomyositis also belong in this category. 


Also there is much about the lesions 
of glomerulonephritis and malignant 
hypertension that suggests a_relation- 
ship. 

We 


idea that the collagen diseases affect 


Summary. have suggested the 


not only the fibrous connective tissue 
but all the derivatives of the primitive 
retic- 
ulum, cartilage, bone and muscle. We 
have proposed that the mesenchyme 
is a primitive organ of defense and 
it is not difficult for us to imagine a 
similar although frank activity 
in its related tissue types. It follows 


mesenchyme: connective. tissue. 


less 


that all of these tissues might be in- 
jured if the defense mechanism (im- 
We 
abnormal 


became altered. 
of this 
in the reticulum and 

The 
related 
tvpes might conceivably produce the 


reaction 
the 


antigen response 


see evidence 


its product, globulin. same 
abnormal response in tissue 


peculiar reactions, fibrinoid degenera- 
tion and reticulum derivative prolifer- 
ation, that characterize the lesions in 
fixed tissue. The variation in clinical 
and pathological expression of these 
be for 


the basis of modifving factors of which 


diseases might accounted on 


constitution and the endocrine hor- 


mones appear to be of importance. 
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[HE epidemiology of mumps** was effective measures for clinical rec: 


selected in 1940 as a subject for this 
series of reviews principally for two 
reasons. In the first place a World 
War had just broken, with every indi- 


cation that the United States would: 


soon involved. 
surgeon, mumps is no passing indis- 
position of benign course but ranks 
with many of the more formidable dis- 
eases because of its frequent appear- 
ance in epidemic proportions, because 
ot the high non-effective rate among 
Army personnel brought about by the 
and in 


voung adults the associated manifesta- 


long indisposition, because 
tions of epidemic parotitis lead to a 
clinical course considerably more seri- 
ous than when mumps is a disease of 
childhood. The consideration 
was that the specific mumps virus had 
recently been demonstrated by John- 
and Goodpasture®’, 
promise of notable additions to knowl]- 
edge of etiology, biologic nature and 
the mode of origin of mumps. There 
was the additional suggestion of more 
( 338 ) 


second 


son bringing 


To the military ~ 


nition, espe ially of the more unusi 
forms of mumps, of improved meth 
of medical management, and of bett 
of the it eflect 
groups of people. 
World War IL has passed into 

that it 
appraise the behavior of 


control disease as 


tory SO is now possibl 
mumps d 
ing the war vears and to compar 


of 


what happened in former times. ‘Th 


experience modern armies \ | 
record is good. Equally satisfying 
the progress that has been made 

ing the past 10 years in what is kn 


about 


mumps as a clinical and 
logical entity. 

Knowledge of mumps has develop: 
within The first 
cerned chiefly with the study of ft 
epidemics, and established both 


communicability of 


3 periods. was 


the condition an 
Hirsch’s® 0 
lection of some 150 epidemics, occur: 
ring between 1714 and 1859, sh 
the disease to be prevalent from Ice- 
land to Egypt, and from Alaska to 


its wide distribution. 


ved 


| 
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Polynesia. Accumulated evidence from 
outbreaks in the first half of the 19th 
century demonstrated another 
lemiologic feature of mumps, its pre- 
lilection for — prisons, orphanages, 
boarding schools, garrisons, and ships. 
The second general advance was con- 
erned with better definition of the 
clinical features of mumps, credit for 
large part to a brilliant 
line of French army surgeons. The 


which goes 


third era was initiated with the pro- 
luction of mumps experimentally and 
the recognition of the specific intec- 
tious agent. The reader is referred to 


earlier review 


for an account of 
idemiological interests up to 1940. 
Phe present discussion is of the exten- 
e deve lopments since then. 
Laboratory Aids to Epidemiological 
ace | pide miology invariably profits 
om specific laboratory procedures 
Knowledge of the virus is turned to 
se as an indicator of the people at 
sk and how they react. With more 
ertain and regular diagnosis of the 
dividual case, the principles and the 
neralizations on mass behavior be- 
ne better defined, for thev de spend 
the reliabilitv of the basic data. The 
ype of modern field investigation is 
ewise greatly enlarged by incorpo- 
ting the simpler labor: atorv proce- 
es into field studies, and by apply- 
methods of greater comple xity in 
laboratories to materials collected 
the field. 
he fundamental contributions of 
nson and Goodpasture**><« left no 
bt of the viral nature of mumps, 
the technics for demonstration of 
nfectious agent and of immunity 
tions in the human _ host were 
ely such as to be readily applied 
r in clinical diagnosis, or in 
es in the field. Recent vears have 
i variety of methods: developed** 
vhich the virus may be isolated 
the lesions of the disease and by 
h the susceptibility or immunity 
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of a person to mumps infection may 
be determined with reasonable cer- 
tainty. A number have been brought 
to such perfection that they are now 
incorporated in the ordinary activities 
of laboratories of state and other 
health departments. 

Complement Fixation Test. This was 
the first serologic reaction to be 
adapted successtully to the study of 
mumps. Using infected parotid gland 
of the rhesus monkey*** as antigen, 
Enders and Cohen?* in 1942 demon- 
strated a specific mumps antibody to 
be regularly present in serums of 
man and monkey convalescent from 
mumps*'. In recent years the infected 
embryonated hen egg has come to 
be the more common source of anti- 
gen», The chick embryo infected 
with mumps virus also has been 
shown*** to contain 2 antigenically 
distinct components, separable by high 
speed centrifugation and differentiated 
by serum absorption technics. One is 
closely linked with the virus and found 
predominantly in the allantoic and 
amniotic fluids; it is designated V-anti- 
gen. The other is the soluble S-antigen, 
mainly present in infected tissues, the 
amniotic and allantoic membranes. 
Human serums from mumps patients** 
react in varving degree with S and V 
preparations, antibodies against the 
substance appearing earlier than those 
for the V-antigen, but anti-V substance 
remains measurable for longer periods. 

Inhibition of Hemagglutination. Am- 
niotic fluid of mumps-infected chick 
embryos was demonstrated by Levens 
and Enders“ to cause a specific hemag- 
glutination, of fowl red cells. The he- 
magglutinin is also present in the yolk 
sac! and allantoic fluid'*>, Some few 
other viruses**, as well as undetermined 
factors within the egg itself"*-**, also give 
rise to agglutination of erythrocytes, 
indistinguishable from that brought 
about by the fluid from embrvonated 
eggs infected with the mumps virus. 
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The specific nature of the hemag- 
glutinin becomes apparent when its 
activity is inhibited by serum trom 
patients or animals convalescent from 
This test for 
hemagglutination, as recently modified 
by Robbins et al.**, has practical value 
by reason of its simplicity®*, A series 
of comparative tests with the comple- 
ment fixation show the 
methods to be equally reliable. The 
previously noted non-specific reactions 


mumps. inhibition of 


reaction two 


sometimes evidenced by serums of 
patients with early mumps and _ those 
from normal persons*’, as well as other 


factors*#> 


are no longer a_ practical 
consideration with the technique now 
used. 

Virus Neutralization Test. The pres- 
ence of virus neutralizing antibodies**@ 
in the 


from experimental 


serums of animals recovered 


mumps _ infection 
was first demonstrated by inoculating 
test animals with serum-virus mixtures. 
Serums from patients 


from mumps also contain these anti- 


convalescent 


bodies, demonstrable either by test of 


serum-virus mixtures in the monkey?! 


or in eggs**», Although no clear cor- 


demonstrated be- 
neutralizing 


~ 


relation has been 


tween the amount of 
antibody and the complement fixing 
antibody in a serum, both are ordi- 
narily present**. 

Leymaster and Ward®* have further 
developed the virus neutralization test 
in eggs by using hemagglutination as 
an indicator of virus multiplication. 
The method is similar to that 


monly used for influenza, except com- 


com- 


plement®® is necessary, to be provided 
by addition, or through use of fresh 
serum or serum frozen at low tempera- 
The usefulness of the test in 
estimating mumps antibody levels, and 
presumptively for separating immune 
from non-immune persons, has not yet 


established field 


tures. 


been under condi- 
tions. 


Agglutination of Human Red Cells 
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by Mumps Immune Serums. Burnet!*> 
treated human red cells of Group O 
fluid from the 
egg, removed the 


with amniotic mumps 


infected hen virus 
by elution, and obtained specific high 
titer agglutination of the cells with 
trom convalescent 


serums patients 


from mumps. The demonstrated anti 
body response paralleled that shown 
by inhibition of hemagglutination tests, 
but the titers were higher. The virus 
itself or antigenically active 
derivative was believed responsible 


for sensitizing the cells to the aggluti- 


native action of antibodies. This 
method of determining and measuring 
antibodies has not had field trial in 


this country. 

Skin Sensitivity to Mumps Virus and 
Its Products. Heat inactivated parotid 
gland from the experimentally infected 
monkey*’ and various. tissues and 
from the 


embryonated have the capacity 


fluids mumps — infected 


of inducing mild, inflammatory 
tuberculin-type reaction of the skin in 
infected with th 


mumps. The test dose is 0.1 


persons previously 
virus of 
ml., injected intracutaneously; and 


similarly for the control, material for 
which is from uninfected tissues of a 
ervthema 
greater than 
18 hours is 


interpreted as a positive reaction, and 


corresponding source. An 


with a mean diameter 


10 mm. when observed at 
indicative of an immunity to mumps 
providing the control test is negati, 

4 varving degree of induration of the 
skin is usual. Non-specific reactions t 
the control material are uncommon 
Experience has shown the test to b 
using 
under the condi- 


reliable within an error of 
monkey materials 
tions noted. Information about mate- 
rials prepared from the 
extensive and less definite. 
Isolation and Cultivation of Mumps 
Virus. Although the 
Johnson and Goodpasture®” had been 
repeated by at least 2 groups of inves- 
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tigators, one in England** and _ the 
ther in the demonstra- 
tion of the mumps virus by means of 
the parotid gland of infected monkeys 
remained in 1940 little more than a 
rarely practiced experimental proce- 
lure. Since then its use has been 
rreatly extended, and was the starting 
point in the studies by American®’ and 
\ustralian®® investigators which have 
o enlarged the knowledge of mumps. 
\ mumps meningo-encephalitis was 
shown to follow intracerebral injection 
{ infected mumps material®, with no 
parotitis*’. Swann and 
also produced parotitis in 


issociated 
\lawson” 
the monkey by intravenous injection of 
itable materials. 
\ distinct advance was made when 
Habel*# and then 
Enders®* 


Levens and 
successfully cultivated mon- 
key adapted mumps virus in the de- 
eloping hen egg, thus providing a 
readily available and inexpensive 
experimental animal. It was not long 
fore Beveridge, Lind and Ander- 
turned this method to direct 
lation of mumps virus from the 

t of patients with mumps, Henle 

| McDougall*' from cerebrospinal 

of mumps meningo-encephalitis, 
| Kilham®’* from the blood. Infected 
terials from man and experimental 
ials are readily propagated in the 
ilated egg, when introduced into 

the volk sac®*, to the best advantage 
by the amniotic route®®* and also by 
toic!’ and choreo-allantoic routes 


ugh definite lesions of the mem- 
are not The injec- 
polysaccharide prevents virus 
growth*’s. Egg adapted strains multi- 
ictively in tissue cultures®® con- 
S 7 of fragments of amniotic mem- 
) of the chick, suspended in a 

re of ox serum ultra-filtrate and 


balonced salt solution, this being a far 
le omplex medium than the chick 
em>rvo. Under all circumstances, the 


fication of an isolated virus as 
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mumps virus is accomplished by_ its 
specific reaction to the inhibition of 
hemagglutination and complement fix- 
ation tests. 

Serum Amylase in Mumps. An ele- 
vation of serum amylase levels*® is 
of mumps 
infection, expressing a Curve of excess 
values over normal'®! that tends to 
parallel the evolution and decline of 
clinical parotitis'’, so that a_ well 
marked elevation is nearly always 
present in the first week, is less by the 
end of the second week and by the 
fourth week serum amylase above nor- 
mal values exists for no more than 
28% of patients. Lacking facilities for 
more precise determination of the 
activities of the mumps virus, this 
clinical-pathological test contributes to 
identification of swellings 
about the jaw or instances where 


105 


a regular accompaniment! 


obscure 


swelling has disappeared. 

The Nature of the Virus. Much other 
information has accumulated about the 
virus of mumps; less striking, to be 
sure, than that concerned with its 
activities in the animal host, but poten- 
tially significant in a better under- 
standing of its biological nature, and 
in the development of methods for 
improved prevention and control. What 
follows pertains to egg adapted virus. 

The mumps virus has a particle size, 
as determined by Enders**! of 90 to 
135mp, which is within the range of 
the influenza virus. The observations 
of Weil et and of Habel**», 
using different methods, suggest it to be 
about 190mp, or even larger. Although 
infectivity of the virus is well retained 
by storage in the carbon dioxide ice 
box, it is lost within 4 days at room 
temperature*?. Formalin in concentra- 
tions of 0.2% destroys infective power 
within 24 hours at 4° C., as does 
treatment with 1.5 volumes of ether 
for 30 minutes at 4° C. and exposure 
to intense ultraviolet radiation for 0.28 
seconds. Neither penicillin nor strep- 
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tomycin” separately or combined, 


cause demonstrable inhibition of 


growth of mumps virus in vitro or in 


LILO. 
Kilham, Jungherr and Luginbuhl**"! 
have advanced a_ hypothesis — that 
virus and the virus of New- 


mumps 
castle disease of poultry may be bio- 
logically related. One-half of a series 
ot patients convalescent from mumps 
showed a rise of neutralizing anti- 
bodies against Newcastle virus, and a 
nearly equal number an increase of 
intihemagglutinins. The 2 viruses not 
only agglutinate hen erythrocytes but 
Kilham*’> has described a hemolysin 
associated with Newcastle virus similar 
in properties to that described by Mor- 
Wadlev™ for the 


mumps virus. This coincides with the 


gan, Enders and 


earlier suggestion of Burnet!** that 
Inumps and certain other viruses are 
derived from a common ancestral 


form. 

No evidence has suggested that dif- 
ferent tvpes"* of mumps virus exist, a 
matter of considerable importance in 
immunity and in control measures. 
Intracerebral inoculation of mice with 
with prolit- 


eration of the virus of western equine 


mumps virus interferes*® 
ncephalomyelitis. 

The material gains in the past 10 
vears in knowledge of the infectious 
gent of mumps and in means for 
ecognizing and measuring its activi- 
ies in the human and experimental 
host, leave the clear implication that 
known of better 


ways for defining the clinical disease, 


much has become 
for judging its mass effect on groups 
of people, and presumably for a better 
understanding of the value and limita- 
tions of commonly used measures for 
prevention and control. These several 
matters will be considered in order. 
Laboratory Methods Clinical 
Diagnosis. Few of the communicable 
diseases present less difficulty in pre- 
cise recognition by clinical means than 


DICAL SCIENCI 

does mumps, providing it appears it 
the classical form of acute parotitis 
The trouble lies in the frequency of 
other localizations. If the sole mani 
festation is of the central nervous sys 
testicle o 


tem. the involvement of a 


a pancreatitis, the suggestion O 
otten 


more secure than a historv of exposure 


evidence n 


mumps rests on 
which is none too reliable except i 
family outbreaks. When these unusua 
torms oft infection are assoc 


ated with parotitis the assumption of 


pS 


a single process is reasonably taker 


although not absolute. The neurolog 


cal manifestations with concurre! 
infection of the central nervous system 
and a salivary gland mav or may not 
Latent or 


be mumps subclinical! 


mumps is, by definition, below th 
level of clinical observation and_ not 
to be recognized by bedside methods 
and vet, of all the 
it is the commonest aside from classica 
Only 
identifies this kind of mumps infection 

The 
test tor mumps infection, as now modi 
fied*! 


cific diagnostic procedure. A four-fol 


torms of mumps 


parotitis laboratory procedi I 


inhibition of hemagglutinatior 


answers most needs for a sp 


or greater increase in antibody. 
during the course of an acute intectio1 
origin. Tw 


marks it as of mumps 


specimens of serum are necessary [01 
the test, the first taken as soon as pos 
sible after onset, for antibody tends t 
appear promptly, and a second sampl 
obtained after 14 to 21 days. The di 
ference in antibody level between th 
2 specimens may be sufficiently ¢g 

to make the diagnosis definite withi 
a week; it is almost alwavs so by 
end of the althoug! 
instances occur where the respon 


delaved to the third week. Serun 


second week, 


antibodies not uncommonly atta 
high level before the need for th 
test becomes apparent, particular 
mumps infection unassociated vitl 
parotitis”” or in mumps meniigo 


il 
t 
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ncephalitis subsequent to parotitis™. 
\ significant increase in titer cannot 
rdinarily be expected in such cir¢um- 
tances; values well beyond observed 


' for normals or acute 


iaximal levels- 
phase infection may be taken pre- 
umptively as evidence of recent infec- 
mn, but always with reservations. 
Phe complement fixation test con- 
tinues to be much used as a diagnostic 
rocedure, although supplanted more 
d more by the simpler antihemag- 
clutinin test. The virus neutralization 
test is less used than either of 
hem. The skin test for hypersensitivity 
mumps antigen, of chief use in 
munity studies, can also serve as a 
iagnostic procedure for apparent. or 
ipparent infection, where a known 
egative test is demonstrated to have 
inged to a positive reaction. A pre- 
ling skin test discounts the useful- 
; of complement fixation as a diag- 
| 


stic aid because it frequently calls 


torth specific antibody, or leads to its 
rease if already present’, 
The satisfaction that comes from 
ition of the infectious agent in con- 
ation of a clinical diagnosis is not 
monly experienced in mumps, be- 
of the associated technical dif- 
ties. (¢ onsequently, the attempt is 
irily reserved for special situa- 
or a particular need. Indirect 
nostic aid may be provided by 
ised serum amylase levels. 
improved knowledge of the 
re of mumps, considering the dis- 
broadly and_ biologically, would 
tedly follow application of these 
diagnostic procedures to the 
vell defined clinical manifesta- 


1 the disease. The progress of 


ist 10 vears will be examined. 

e Clinical Disease. Some com- 
ible diseases are so strictly lim- 
n their disease producing activi- 

hat clinical behavior is completely 


table, such a disease being rabies 
in. Others are of such protean 
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nature as to warrant the characteriza- 
tion Erasmus Darwin scarlet 
fever, that it could simulate anything 
from a flea bite to the plague. 
Mumps has long been recognized as 
a good deal more than a simple dis- 
ease of the parotid glands. The biologic 
gradient of infection is characterized 
by varying severity, and a complexity 
that includes an associated or inde- 
pendent involvement of the other sali- 
vary glands, the’ gonads, the pancreas, 
the central nervous system especially, 
and a number of other structures 
including those of the special senses. 
\ matter of epidemiologic concern is 
whether or not latent infection exists 
that is to say, inapparent or subclinical 
infection below the level of clinical 
recognition. This bears pertinently on 
an understanding of the disease as a 
1HkwasSS phenomenon, and on projected 
methods for prevention and control. 
Latent Mumps Infection. Practical 
experience in epidemics has suggested 
that latent infection is a factor in the 
and our 
earlier review" presented —epidemi- 


spread of mumps virus 


ologic evidence in support of an 
hypothesis that the incidence of sub- 
clinical infection is large. Additional 
information continues to accumulate. 
Siegel and Camp** saw an epidemic 
in a mental institution in 1940, and 4 
vears later another, of 11 cases. Only 
children admitted after the first epi- 
demic were involved in the second. 
While the attack rate in 1940 was high, 
it was not sufficient to permit the 
assumption that all susceptibles had 
been exhausted by clinical attack. The 
better explanation was that a number 
had been rendered immune through 
latent infection. That such latent im- 
munization occurs has now been 
clearly demonstrated. 

To establish the existence of latent 
infection in the human_ host, an 
acquired immunity must be demon- 
strated comparable to that which fol- 
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form of the disease. 
identification of the 
greatly 
the proof. The method for demon- 


lows the usual 
Isolation and 
infectious agent strengthens 
strating such an immunity was pro- 
vided by Enders and Cohen”® in 1942 
with the complement fixation test. Posi- 
tive reactions were soon observed*’ in 
the absence of clinical disease. bring 
ing the direct suggestion of inanparent 
more certain 
as increasing experience showed that 


infection. This became 


fixation test 
With rare 


exceptions such latently infected per- 


a positive complement 
means previous infection". 


sons were resistant to infection through 


natural exposure*"», Still better evi- 


dence came observation — of 


known negative reactors’? who were 
contracted no 


demonstrable disease and vet 


exposed to mumps, 
devel- 


oned antibodies 


complement _ fixing 
clearly the result of latent infection 
About all that could be asked by wav 
ot proot of latent infection was pro- 
duced by Henle et al” through ob 
servations on 15 volunteers exposed to 
mumps virus. Seven became ill, 4 with 
classical parotitis, and 8 remained well 
All 15 
sponse, the sick indistinguishably from 
the well. Most. significantly. mumps 
virus was isolated from 13 of the 15 
exposed, without exception 
from those ill, and from 6 of the 8 
well, with from the well 
group corresponding in time to those 
for the clinically ill. The estimate of 
about one third of all mumps infec- 
tions being latent, as judged by experi- 
mental results, is in close agreement 


showed similar antibody re- 


persons 


isolations 


with what was determined epidemi- 
olovically. 


Classical Parotitis. For a disease 
which has maintained such clinical 
uniformity since the davs of Hip- 


pocrates, it is unusual to find attention 
directed to an unemnphasized physical 
finding, that of presternal edema. This 
clinical sign was noted by Radin*® in 


the first World War but has not gained 
entrance to standard texts. An edema 
of the tissues of the anterior wall of 
the and sometimes of the 
abdomen’, is an occasional feature of 
parotitis and occurs more particularly 
with involvement of the submaxillary 
When 


edema tends to appear promptly afte 


glands. present, presternal 
mumps becomes manifest", and the 
cause™” would seem to rest in obstruc 
tion of the lymphatics by the swolle: 
salivary glands. 

The aid to diagnosis provided b 
serologic tests and isolation of virus 
from the saliva, is the principal ad 
vance in ordinary mumps. infectior 
the chief being the dil 
ferentiation of ill-defined or atypical 
swellings in the region of the jaws 
Meningo-encephalitis. Thi 


usefulness 


Mumps 
clinical™ and epidemiologic**® evidenc: 
in support of an involvement of th 
central nervous system in mumps has 
been fully substantiated by the newer 
laboratory procedures. Mumps virus 
was first isolated from cerebrospit 
fluid through monkey inoculation by 
Swann and Mawson™ and through egg 
Henle and McDougall 


Serologic methods, as used by Kan 


culture by 

and Enders™, earlier provided a satis- 
factory method of 
practical result has been a better wun- 
derstanding of a knotty clinical prob 


recognition. The 


lem. Mumps meningo-encephalitis 
the absence of parotitis can now | 
Of equal 


infections of the centra 


determined with certainty. 
importance, 
nervous system, presumed to be o 
other nature, are now recognized as 
sometimes due to the mumps virus. 
the summer of 1948. 6 of 17 naticnts 
in Boston with a clinical diagnosis ol 
non-naralvtic poliomvelitis were found 
by Kilham, Levens and 
have mumps meningo-encevhalitis. Th 


Enders™ t 


observed frequency in this instone‘ 
may be greater than usual. bv re.son 


of a state-wide epidemic of mumps 


il 
} 
) 
; 
+} 
; 
( 
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luring the preceding spring, but the 
circumstance would appear sufficiently 
ommon to warrant examination of 
juestionable non-paraly tic poliomy elitis 
by serologic methods for mumps. 
\s for the disease itself, it has — 
iown to precede, accompany or fol- 
Ow parotid involvement!*, and some- 
times to occur. as the only clinical 
anifestation of mumps", to be 
ncluded within the group of condi- 
tions termed aseptic meningitis**. It 
has a wide geographical  distribu- 
lhe military experience of the recent 
var? again provide ‘d information about 
the frequency of mumps meningo- 
ucephalitis in young adult popula- 
tions. Of 100 consecutive admissions 
hospital where lumbar puncture*! 
vas uniformly practiced, 33 patients 
id clinically determinable disease of 
the central nervous system although 
ne were seriously ill. Ten others 
re judged to have subclinical infec- 
n by the number of cells in the 
rebrospinal fluid, and 14 additional 
tients were considered borderline. A 
ond similar series.of 77 patients re- 
rted by Brown, Kirkland, and Hein" 
luded 9 with clinical meningo- 
cephalitis all mildly ill except one, 
26 in all having 10 or more leuko- 
in the spinal fluid. The selected 
group of young adults, at least 
er militarv conditions, is evide ntly 
eptib le to central nervous system 
lvement when invaded by mumps. 
inor clinical reaction is characteris- 
t ilthough some cases are severe. 
Latent mumps infection of the central 
us system is strongly suggested 
ng more frequent than generally 
eciated. It is proved to exist by 
atory means. 
need of the moment is to de- 
ne quantitatively the range of 
c] il! manifestations included within 
ps meningo-encephalitis, and sec- 
01 the frequency of this disease ina 
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general population. For example, there 
is indication that males"”* are aflected 
five times as frequently as females. It 
becomes apparent that slightly 
creased numbers of cells in the cere- 
brospinal fluid and a demonstrated 
general mumps infection by comple- 
ment fixation or other serologic test 
does not suffice in recognition. The cell 
count is usually increased in frank 
cases of nervous involvement® “°c, but 
sometimes the cerebrospinal fluid may 
be virtually normal**. Conversely ple- 
ocytosis may or may not be accom- 
panied by symptoms of meningeal irri- 
tation. 

The necropsy report of Donohue** 
on mumps meningo-encephalitis is one 
of the few available. The basic lesion 
was a_ perivascular demyelinization 
similar to that seen in post-infectious 
encephalitides, and essentially like two 
others of 10 fatal cases with autopsy, 
which were reviewed. The unsettled 
question is raised, whether the few 
fatal cases of mumps_ meningo- 
encephalitis represent extreme exam- 
ples of the same process so commonly 
an accompaniment of mumps, or have 
to do with a_ post-infectious demy- 
elinizing type of infection. Mumps 
virus has not vet been isolated from a 
fatal case of meningo-encephalitis, but 
the method is available to settle this 
problem. 

Orchitis. The experience of the sec- 
ond World War was in agreement with 
previous observations that mumps in 
the voung adult under military con- 
ditions is frequently associated with a 
complicating orchitis, the reported in- 
cidence of 35% by Dermon and 
LeHew2* being not unusual. Hook, 
Poole. Friedewald® isolated 
mumps virus from the testicle of 
patient with orchitis. The histopatho- 
logical study of acute mumons orchitis 
by is especially informative. 
Ovportunity was taken to remove bits 
of testicular tissue at the time of 


e 


tre 


ed 
ol 
he 
ol 
rly 
ir) 
Thal 
th 
le 
irl 
| 
} 
) 
| 
1 ‘ 
| 
4 
1 
t ts 
Ips 


346 PROGRESS 


orchidotomy tor reliet of pressure, with 
75 such cases studied at times ranging 
from the first to the fifth day of dis 
ease and additionally one case with 
death on the eleventh day. Considera 
ble variation 


acter extent of 


the char- 
but it 
appeared that a developmental trend 


was noted in 


and lesions. 
could be detected. The lesions varied 


from those of an early edema and a 
scant perivascular lymphocytic exudate 
to conditions corresponding to diffuse 
lymphocytic infiltration of the inter- 
stitial with 


and pronounced destruction of germi- 


tissues, focal hemorrhage 
nal epithelium, associated with plug- 
ging of tubules by epithelial debris 
fibrin and polymorphonuclear leuko- 
cytes. The intratubal lesion remained 
instances, but in a few 


focal in most 


every tubule in a given section was 


involved. Inflammation of testicular 
appendages and the epididymis was 
confined to connective tissue elements 
and with one exception was wholly 
Epithelial 
these structures were unaflected. 
Other Clinical Manifestations. Of 
principal interest because of added 


evidence that mumps is a generalized 


lvmphocytic. elements of 


infection'*, are the data provided by 
Veghelvi®® indicating that pancreatitis 
is not a rare component of mumps in- 
fection. The diagnosis becomes definite 
with modern laboratory aids. A patient 
at the Peter Bent Brigham Hospital, 
had 
judged by and a 
serum amylase test, ‘but no parotitis. 
Further the 
patient to have a rise of mumps com- 
plement fixing 
cence. 
Mvocarditis*#:!"" 
in a number of instances of mumps 
infection. Of 104 adult patients*® with 
mumps, 15% gave evidence of myo- 
carditis, usually from the fifth to the 
tenth but mild and 
transitory and recognizable only by 


Boston, acute pancreatitis as 


signs, symptoms 


investigation" showed 
antibodies in convales- 


has been obser ed 


dav of illness, 
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electrocardiographic methods. 
Immunity. That an attack of mump 


conters a immunity 


usually lifelong 


rests on clinical and epidemi 


Additional 


had in the results of the experimentalh 


ologic evidence. proof i 


induced disease in animals=> sinc 
attempts at re infection are without. re 
sult. 


hard swelling is seen to follow withi: 


Occasionally, however, a_ firn 


3} davs after reinoculation of immu 


This 


manifestation 


animals with active virus. 
interpreted as a 
hypersensitivity, because it appear 
more promptly than do the symptom 
because of the differen¢ 
the 


shorter 


ot intection 
in character of swelling, and 
because of the duration. Th 
phenomenon suggests explanatior 
of some of the reported instances of 
second attacks of mumps in man. The: 
Ma 
probably rest on an unreliable histor 
but not all 


have been seen by the same observet 


are not wholly infrequent! 


for sometimes both attacks 


4 common circumstance is an absenc 
contacts 
Lind ai 
virus at the ti 


of secondary 
The 


Anderson!” 


cases among 


failure ot Beveridge, 
to isolate 
been a c 


of the second event has 


sistant experience in our laborati 
the interest of Dr. E. H 


opportunity afforded 


Through 
Place, was 
examine a number of patients wit! 
parotitis, usually indistinguishable fr 

mumps and with a history of previous 
involvement of similar nature. 
such patient had 5 attacks of parotitis 
in the 


unilateral and sometimes bilateral. « 


course of a vear, sometimes 
subsiding in about a week. Thus far 1 


presumed second attack of mumps has 


been substantiated either by virus 
isolation or serologic test. 

Field trial** has confirmed the ski 
test originated by Enders*® and _ the 
neutralization test of Habel**4 a: 
liable means for determining the index 


of susceptibility of populations. (el 
erally, the skin test is a more sensitive 


| 
\ 
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ndicator of past infection than the 
omplement fixation reaction, and the 


ost practicable as a field method?"?. 


| by this test and the history of 


revious clinical mumps, about one 


hird of all demonstrated mumps. in- 
ections are latent in nature. 
\lore direct evidence of latent infec- 
m and immunity is provided by a 
ries of 7S persons intimately exposed 
mumps**. All had a negative com- 
ement fixation test and none devel- 
ped the disease, and vet 31% reacted 
ositively when tested one month 
ter, a clear indication of latent infec- 
mn. The validity of the evidence de- 
nds, of course, on the complement 
ition test being a reliable indicator 
immunitv. That has been fully 
roven™ and repeatedly confirmed*», 
Ot 163 persons with a positive reaction, 
ly one developed mumps after known 
posure. Of 285 with a negative test, 


contracted the disease. It is evident 
it not all persons with a negative 
winity test will develop. clinical 
Ips when exposed. In the first 
a goodly proportion will exper- 
e latent infections. Effective pro- 
ve antibody may be present when 
plement fixing antibodies are ab- 
r below a measurable level. That 
persons are exposed a number 
ies before developing the disease 
idence that close contact and a 
dose of the agent are necessary 
ntection. 
mechanism of immunity in 
ps is not wholly defined. It is 
clearly associated with the pro- 
m of specific immune bodies; but 
mnplement fixing antibody is not 
inferred as the essential factor. 
igh a good index of immunity. 
ralizing antibodies can usually be 
nstrated when the complement 
n test is positive, but the titers 
two do not necessarily parallel 
ther. 
thogenesis of Mumps. Using a 
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variety of evidence, epidemiologic, 
clinical, immunologic experi- 
mental, an hypothesis** was stated in 
1940 in explanation of the pathogenesis 
of mumps. It would appear that the 
portal of entrv is by the nose and 
mouth, with lodgement of the mumps 
virus on the mucosal surfaces. An 
appreciable weight of evidence indi- 
cates mumps to be a general infection, 
probably of the blood stream, and not 
a strictly local disease. In the localiza- 
tions that follow the general infec- 
tion. the virus manifests a special 
predilection for glandular structures of 
which the parotid is most often the 
first affected. With multiple structures 
involved, swelling of the parotid 
usually precedes all others, but some- 
times this sequence is disturbed with 
striking effect on the timing of the 
disease. so that the testes, the central 
nervous system or the pancreas may 
be first invaded. 
Alternative 
mumps is a strictly local disease with 


explanations” that 


occasional complications, or that it is 
a primary disease of the central 
nervous system with secondary local- 
ization in the salivary glands or other 
structures, were deemed less likely as 
representing the usual course’ of 
mumps infection. The second explana- 
tion, originally advanced by Philibert** 
is not disposed of as easily as the first, 
despite its having received little sup- 
port from the newer facts about 
mumps. Kilham®’* was unable to dem- 
onstrate virus in spinal fluids of pa- 
tients with parotitis and no symptoms 
referable to the central nervous  sys- 
tem, using methods which were uni- 
formly successful with clinically de- 
fined mumps meningo-encephalitis. 
Further work is justified. 

Additional evidence has accumulated 
during the 10 vear period under con- 
sideration to support the hypothesis 
first given, that mumps is a general 
infection, probably blood borne, with 
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subsequent selective secondary loc: il- 
ization. Mumps virus has been ‘isolated 
from the cerebrospinal fluid of men- 
ingo-encephalitis with sufficient fre- 
quency®’s to establish a direct 
tionship between this condition and 
parotitis. 


rela- 


The postulated blood inva- 
sion has been confirmed by isolation 
of the from the blood 
mumps"’*, although more 
about the 


which that occurs, 


virus in early 
information 
with 


and whether it is a 


is needed frequency 


regular event or an occasional spilling 
into the blood 


over stream in the 


course of a he ‘av infection or a pecu-: 


liar localization. 
in the 
of antibody in hydrocele 


Virus has been found 
infected testicle®® and the pres- 
fluid has 


been demonstrate “ by comple ment fixa- 


ence 
tion techniques** . The re ported clinical 
recognition of mumps mvoci arditis and 
the estimated frequency of pancreatitis 
contribute marking the dis- 
ease mumps as a general infection. The 
solid immunity is 
of blood 


the usual 


ey ide mce 
strongly suggestive 
that is 
followed 


stream invasion, for 


event in diseases 
by permanent protection. 
The short incubation 
monkey and in man, 
when virus is introduced di- 
rectly duct, compared 
with 18 days when it is deposited on 
membranes of the 
respiratory tract, strongly 
latter to be the 
invasion. 
Based on 


mumps 


period in 
about eight davs, 
mumps 
into Stenson’s 
the mucus upper 
suggests the 
natural course of 
comparative studies of 
virus. the influenza virus and 
the virus of Newcastle disease, and 

demonstration of common properties 
Burnet!** reasons that like the other 
agents, mumps virus multiplies in the 
superficial and epithelial cells of the 
respiratory tract or conjunctivae and 
causes initially a subclinical infection. 
This primary invasion produces enough 
virus to enter the blood and localize 
in the parotid or other organs. The 
parotid and other salivary glands are 
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thus looked upon as structures throug! 
eliminated 
which it gain 


which mumps virus is 
rather than 


entrance. 


those by 


thinks of the inflamma 
tion and swelling of the parotid gland 


Enders?"4 


and of other organs in mumps infec 
result of union of antige: 
within the 


tions, as the 


and antibodies tissues 


There is evidence to support such ai 
hypothesis \lumps antibodies are fre 


quently demonstrable close to t 
of the 


considering — the 


disease. This is not surprising 


incubation period 
Furthermort 
monke ‘vs inoc ulated with mumps virus 


duct 


averages LS days. 


by wav of Stenson’s may have 


a considerable amount of virus pres- 
ent in the parotid gland 4 to 
later 


plement fixing antigen. Swelling, how- 


days 


as evidenced by titers of com 


generally until 
after that, 
demonstrated for the 


ever, is not present 
antibodies 
first time 


immune 


a few days when 
mav be 
The reaction of the 
to reinjection is further evidence. 
Spread of the Virus. Because of thi 


animal 


advantage of looking upon communica- 
ble disease as an ecologic phenome 
non**, the present discussion was initi 
ated with the of th 
mumps virus and of the immunity rea 
The first requi 
site is to know the two components ot! 


characteristics 
tions in the human host. 


the host-parasite relation and how that 
relationship expresses itself in terms 
It remains to examine thi 
more parti u 
which agent and 
brought into contact and 

that as illustrated b 
the mass behavior of mumps in com- 


of disease. 
effect of 
larly, the 
host are 


environment; 
means by 
results follow, 
munities of people. 

Period of Communicability. Othe 
than the innate characteristics of host 
and agent, primary con- 
freque nev of a com- 
municable disease is determined by the 
and kinds of reservoirs 0! 
infection, by the time they remain 
active, and by the efficiency and ari- 


which is the 
sideration, the 


numbers 
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ety of modes of transmission. Based 
on epidemiological evidence, the period 
of communicability of mumps has 
been judged to be 48 hours before 
appearance of the disease as a swell- 
ing of the salivary glands and _ until 
that swelling has subsided. The ability 
to isolate the virus by simple technic: al 
procedures has contributed more pre- 
cise information. 

Experimentally induced infection in 
children® shows the virus to be pres- 
ent in the saliva as early as 6 days 
before clinical mumps and commonly 
by the second day. In the course of 
the same observations Henle and co- 
workers’ demonstrated the agent for 
is long as the fourth dav of active 
disease, with Levmaster and Ward®% 
reporting successful isolation on the 
sixth day, and Kilham in a_ single 
instance on the ninth day. The period 
 communicability thus appears to 
be about 10 days, starting regularly 
efore mumps ‘can be recognized 
linically and ending shortly after the 
ippearance of swelling. Dailv tests of 
iliva by Kilham showed the virus to 
be excreted continuously until it. fin- 
lly disappeared, rather inter- 

ittently as otherwise suggested®’. 

Comparing epidemiologic — exveri- 

ice with the results of virus isolation, 
he limit of 6 davs before parotid 
velling would appear a_ definite 

iximum. The accepted practice of 
nsidering communicability to have 
ised with the subsidence of swelling 
ould fit most situations, although 

‘idemiologic evidence™ suggests that 

e upper limit of 9 davs as deter- 

ned by virus isolation may occa- 

nally be exceeded. 
Reservoirs of Infection. Reservoirs of 
fection in mumps are limited to 
man beings. Epidemiologic meth- 

have served to establish only the 
issical case of mumons as a certain 
urce of infection, although atypical 
d latent infections have been strong- 
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ly suspected. Laboratory proof now 
shows that persons with latent infec- 
tion also excrete the virus in the saliva 
over considerable periods and are cap- 
able of spreading the disease*’. Those 
instances of mumps_ infection with 
manifestations limited to the central 
nervous system likewise show virus in 
and more particularly 
patients are known to have transmitted 
classical mumps to contacts?***, 

The conclusion to be drawn is that 
the actual community dosage, as 
judged by the number of reservoirs of 
infection, is greater by perhaps one 
third than indicated by the existing 
prevalence of ordinary parotitis as 
determined by survey sampling; and 
measurably greater than an estimate 
based on officially reported cases of 
salivary gland enlargement. The effi- 
ciency of reporting under good condi- 
between 10% and 20% of 
actual cases, and rarely exceeds 40% 
except in militarv practice. being 
somewhat better in epidemic than 
endemic times. 

Mode of Transmission. The usual 
method of transmission is by direct 
contact and probably by droplet infec- 
tion, with perhaps occasional instances 


the saliva 


tions lies 


where mumps results from early con- 
tact with an article recently contam- 
inated with the saliva of a patient*’. 
Normal monkeys in contact with in- 
fected animals are known to have 
developed resistance**4, presumably as 
a result of subclinical infection. 
Clinically, there are no symptoms in 
mumps such as coughing or sneezing 
which would induce any large amount 
of droplet nuclei formation. Under 
most circumstances mumps is, there- 
fore, not a true airborne disease**. 
When it occurs at the same time as 
upper respiratory infections, Stally- 
brass*! finds the disease to spread 
more rapidly and more widely than 
ordinarily, because of the increased 
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droplet formation due to concomitant 
sneezing and coughing 

Endemicity and Epidemicity. The 
problems in the epidemiology of 
mumps that most commonly attract 
attention, and therefore gain entrance 
to the medical literature, are those of 
military groups, ot schools and othe 
institutions where appreciable 
bers of susceptibles have a common 
exposure. Mumps in urban civilian 
populations is a_ firmly established 


endemic disease, conforming to the 


Civilian. Outbreaks of mumps under 
normal conditions are rarely explosive 
ordinarily extend over a whole season 
and sometimes are. still further pro 
longed. For example, the last Massa 
started in the 


continued — strongly 


chusetts — epidemic 
autumn of 1947 

active in 1948 and in the spring of 
1949 was still well over normal inci 
dence. The Illinois experience was 
similar. Judged by the average inci 
dence for the 34 vears of 1915-1948 


that mumps has been reportable 11) 


Bi l Mumps cases by months, Massachusetts Health Districts ind cases per 100.001 


population by months. Massachusetts 


January |, 1947, to June 1949 


source Di ot Communicabk Diseases Mass Dept ot Pub He lt] 


general laws governing other infec- 
tions peculiar to childhood’. A cyclic 
distribution is characteristic, with epi- 
demics about every 7 or 8 years; 
[llinois**, for example, having reported 
outbreaks in 1941 and again in 1948. 
\ similar behavior has held in Massa- 
chusetts?® until recent years when 
three closely spaced outbreaks oc- 
curred in 1942, 1945 and 1948, a matter 
that calls for interpretation on the 
basis of altered environmental condi- 
tions, 


Massachusetts, the rates in epidemi 
years (1948. 36] per LOO.000 popula 
tion) are essentially twice the aver 
age, and some three times those « 
Althoug 
absolute values are lower in I[linoi 
the ratio holds. 

The course of the 1948 Mass 
chusetts outbreak illustrates a numb: 
of epidemiologic characteristics. T] 


the usual endemic vear. 


main force of the epidemic was 
1948 and princinally in Boston ar 
adjoining industrial centers of popul 
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tion. The start in 1947, was in the 
rural Berkshire district of westernmost 
\lassachusetts and in the south cen- 
tral part of the state (Figure 1). The 
spread was east and north to the 
heavily populated cities of the Atlantic 
to produce there a_ well- 
narked epidemic in 1948 and a prac- 
tical exhaustion of susceptibles that 


oastline 


ear. Transmission of infection was 
lower in rural areas and in suburban 
listricts so that waves were noted 
frequently in 1949 as well as in 1948. 
Conforming to the same behavior pat- 
ern, mumps did not invade the 


parsely populated eastern Cape Cod 
gion until late summer and autumn 

1945, its appearance then being 
wilitated in all probability by the 
housands of summer visitors who 
ter the area as temporary residents. 
lhe main outbreak on Cape Cod was 

1949. a time when mumps was not 
enerally a state problem. The epi- 
emi spared no part of Massachusetts. 
The extent to which a mumps epi- 
mic may develop is just as unpre- 
ctable as trying to determine the 
neces of ay individual to have a 
nical attack. Siegel and Camp™ 
institutional outbreak 
ere a newly admitted child spent 
hours in one cottage and then was 


scribe an 


insferred to another, to develop 
rotitis after a second 24 hours. A 
irp outbreak of mumps occurred in 
first cottage, and no cases in the 
ond during the subsequent incuba- 
That mumps is highly infectious 
fore parotitis is well known. The 
tbreak in the first cottage was there- 
not unexpected, but the absence 
ases where the clinical case oc- 
red is more difficult to understand. 
experience of Smith*’* at Rugby 
00] in England is intormative. Out- 
iks over the 50 vear period 1893 
1942 ranged in extent from a single 
to an epidemic that involved 42% 
the school population. Of 42 re- 
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corded epidemics, 4 were of major sig- 
nificance with attack rates exceeding 
10%. Six were within the 5 to 10% 
range, 7 from 1 to 5%, and 25 had 
secondary attack rates of less than 1%. 
The skin test of Enders*** is suggested 
as an epidemiologic tool for forecast- 
ing the probable course of events. In 
13 epidemics, populations with posi- 
tive reactions in excess of 50% had 
attack rates that did not exceed 5%. 
With less than 50% positive, the attack 
rates varied from 10 to 40%. 

Much has been said about the 
nature of the agent, the effectiveness 
of contact, and community dosage as 
factors in the size of mumps epi- 
demics. The host is not to be forgotten. 
Peterborough, Ont., a city of 27,000 
people, had not had an epidemic* of 
mumps for 17 years. In the 9 months 
that followed October, 1941. there 
were 1182 cases, 1 for every 23 resi- 
dents. The undue accumulation of 
susceptibles was the answer to the 
extensive spread of infection, which 
involved persons from 4 months to 60 
vears of age. 

Mumps is characterized by its wave- 
like progression through a population, 
with a seasonal rise each spring and 
more pronounced cyclic outbreaks 
every 7 vears or thereabouts. satis- 
factory explanation of how mumps 
infection is carried over in a popula- 
tion from one period of seasonal prev- 
alence to another is not to be had. 
Parotitis in summer is uncommon and 
often not reported at all, even in siz- 
able communities. Kilham®* studied 
25 patients with mumps meningo- 
encephalitis, during the 1948 outbreak 
in Massachusetts. Eleven of 13 who 
had no parotitis were seen from mid- 
May to early September, which sug- 
gests that salivary gland enlargement 
is a less frequent manifestation ot 
mumps in summer than in winter. 
Johnson and Goodpasture*** in the 
course of 3 vears found it difficult to 
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induce parotitis in monkeys during the 
summer months. This is in agreement 
with the rapid decrease in reported 
cases of parotitis in man as warm 
weather approaches. Mumps infection 
without glandular enlargement is dif- 
ficult to recognize. The hypothesis that 
central nervous system infections are 
the mechanism by which the mumps 
virus is maintained in a population 
between seasons requires further field 
and laboratory study. 


vear of the war. The broader problem 
has been presented in an earlier re- 
view?!>, but first-class 


what happened gen- 


mumps is a 
illustration of 
erally. 

Since attack rates from 
mumps are invariably greater among 


military 


recruits than seasoned troops a com 
parison of conditions in the two last 
wars is best obtained by examining 
first those troops stationed in continen 
tal United States, and secondly those 
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Fic. 2. Mumps, admission rates per 1000 strength, U. S. Army, continental U. S. a 


European Theater of Operations, World War I 
World War II (Jan. 1, 1942 


source 


Military. Most military epidemiolo- 
gists entered World War II with the 
conviction that the record for the com- 
municable diseases would be good, and 
that in all probability the ratio of more 
deaths from disease than from battle 
casualties would be reversed, although 
it had characterized all our previous 
wars. That almost came about in 1918. 
What happened was greatly beyond 
our own personal calculations, although 
the trend was recognized in the first 


(April 1, 1917—Dec. 31, 1919, inclusive) ar 
Dec. 31, 1944, inclusive ’ 


Med. Statist. Div., Off. of The Surgeon General, Dept. of the Army 


in Europe, that being the single for- 
eign theater common to both wars 
The data are shown in Figure - 

Admission rates for mumps per 1,000 
strength in the United States were 63.4 
in 1918 and 5.8 in the second war. The 
(American Expeditionary Force of 
World War I had an attack rate of 
19.1, the European Theater of Opera- 
tions of World War II a rate of 3.1 
per 1,000 strength. Mumps in Ameri- 
can troops overseas was one-sixtee! th 
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is frequent in the war just past as it 
was in 1918; in continental United 
States the rates were less than a tenth. 
The behavior of mumps in Europe 
in World War IL was by no means 
xceptional, for Table 1 shows much 
the same situation in all theaters, with 
the rates in the Pacific and the Far 
ist generally better than in Europe 
ud other more northerly regions. 
Mumps in the European Theater of 
Operations*'® was a collection of minor 
vents; of isolated outbreaks with no 
eneral spread through the command. 
The common occurrence was for the 


TABLE 1.- MUMPs, 


CONTINENTAL U. S., AND 


Total 1942 

Theaters Cases Rate Cases 
| | Army 100,616 3.95 17,983 
United States $1,067 5.50 15,264 
North America 1,669 3.94 769 
Middle East 368 3.49 4 
Europe 6,267 3.09 180 
Latin America 752 2.44 555 
Southwest Pacific 1344 1.68 572 
North Africa 1,734 1.53 205 
( 1a- Burma-India 291 1.34 32 

Ocean 978 1.11 221 

Data not presently available. Source: 

~ st. Div. 


se to appear on board a transport 

hortly after troops landed from the 
Zone of the Interior, with limited out- 
breaks thereafter in units to which the 
icements went. Despite the excel- 
rates, mumps maintained its posi- 
of leadership among the common 
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and LeHew** had responsibility for a 
small task force where mumps had 
been endemic for a year, with the 
number of cases of no_ particular 
moment. When the troops went aboard 
transports the infection flared into an 
extensive epidemic. 

When large numbers of recruits 
were quickly mobilized'"* respectable 
epidemics of mumps occurred, as the 
1470 cases during a two-year period 
at Fort Sill*®, but scarcely matching 
the outbreaks of the previous war*’. 
That the character of the host is a 
dominant factor in the genesis of epi- 


ADMISSIONS TO HOSPITALS AND QUARTERS, U. S. ARMY, 
THEATERS OF OPERATION 


ind Rates per 1,000 Strength per annum by years, January 1942 to December 1945, inclusive. 


19403 1944 1945 


Rate Cases Rate Cases Rate Cases Rate 


tunicable diseases, to include 
( an measles, measles, meningococ- 
nfection, diphtheria, and scarlet: 


The frequency of mumps was 
3 times that of the next most common 
( ition, which was measles. 

ie crowding aboard transports™ 
Was a common factor in the spread of 
mumps in military practice. Dermon 


5 39,557 5.76 25,246 3.24 17,830 2.35 
35,420 6.83 


7 17,988 4.53 12,395 4.23 
6 797 4.10 103 80 ” 
66 289 9.45 75 1.62 . 
17 941 3.53 146 3.07 
45 108 85 94 1.10 7 
03 329 1.73 $45 ° 
94 838 1.88 691 1.06 ° 
66 69 1.74 190) «1.13 
+6 422 1.45 335 76 . 


Dept. of the Army, Office of The Surgeon General, Med. 


demics of mumps is brought out in the 
experience of British troops in Cyprus. 
The island had long been free of 
mumps, until in 1942 the disease set- 
tled solidly in both civilian and mili- 
tary populations”, a typical virgin soil 
epidemic. United Kingdom and Indian 
troops were largely unaffected. Inci- 
dence and complications were high in 
Cypriots, whether military or civilian. 

One of the classical demonstrations 
of experimental epidemiology is the 
production of an epidemic in mouse 
populations by the simple addition of 
immigrants at regular intervals to an 
endemically infected colony. The epi- 
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demic continues as long as new mice 
What happened with 
mumps at Fort Benning, Ga.**, is the 


are added. 


same phenomenon in nature. Mumps 
this training and _ recruit 
camp with 250 patients in 1942. The 
outbreak lasted over the 4 
the war, with 415 patients in 1943, 955 
in 1944 and 836 in 1945. The central 
focus was the reception center. The 


started in 


vears of 


outbreak was maintained by continued 
additions to the personnel of the post. 

In this past war the epidemic curve 
of mumps in military populations dif- 
fered from that which was usual in 
World War I, principally in the slower 
course of the process, in its failure to 
reach equal heights, and that out- 
breaks were not so commonly concen- 
trated in the first 2 


life™®. The explanation of why mumps 


months of recruit 
was of lesser moment in the war just 
past appears to lie in altered social and 
environmental conditions. Increased 
travel between the two wars presum- 
ably led to more general dissemination 
of the disease and consequently a 
wider The 
Massachusetts of recent vears suggests 
this, that outbreaks are more frequent. 
McGuinness Gall’ at Camp 
McCoy continued to find a difference 
in susceptibility between men from 
the south and southwest and_ those 
from other parts of the United States, 
but Potter and Bronstein™ state the 
distinction between rural and urban 
origin of the soldier is no longer as 
definite as it was. 

Administrative Control. A_ British 
committee** appointed to investigate 
the periods of incubation and _ con- 
tagiousness of certain infectious dis- 
eases reported in 1892 that control 
based on isolation of patients and 
quarantine of exposed persons is often 
ineffective, largely because the infec- 
tion is highly communicable before 
the onset of symptoms and the recog- 
nition of the disease. Not much can 


immunity. experience in 


and 
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be added to that, even with all that 
has been learned about and 


mumps 
mumps virus in recent years. 
Isolation of patients with mumps is 
sometimes practiced for unreasonably 
long periods. Smith’’? has for many 
years returned patients to families with 
susceptible contacts on the eleventh 
secondary 


the 


sistence of mumps virus in saliva sug 


dav with no record of a 


case. Laboratory studies on per 
gest a week as long enough, and com 
mon practice of release from isolation 
when swelling has subsided is certain 
safe, and that is about 8 to 10 days. 
The benefits to be 


quarantine ot 


derived fro) 


contacts are more 1 


slowing down an epidemic than ir 


limiting the numbers involved; but 


there is prot in that since medi 
facilities are not overtaxed, better car 
is provided and there is the und 
termined possibility that virulence 

terms of complications is lessened 
Interrupted quarantine** is presumab! 
as effective as continuous restrictio 
and saves much time. The institutio1 
of a working quarantine was still pra 
ticed in control of mumps in son 
military circles during the recent w 
although 


demonstrated so many times, it pro\ 


not generally. A 


happily 


W holly useless. 


The newer methods for limiting a 


borne and droplet infections have 
the 
and 


control 
Wilde 


irradiation 


tried in 
mumps. Wells, Wells. 
ultraviolet light 
schools and concluded that less spr: 


been widely 


used 


occurred in irradiated compared 


non-irradiated classes, but the results 
were not clear cut. 

The report of Levine®* on a sp 
sored epidemic of mumps should no 
be missed. Practicing quarantine ol 


immediate contacts and partial qu. 


antine of classes, a private school had 
been largely free of mumps for 12 
vears. The next vear nature was per- 
mitted to take its course, with no 
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ittempt to limit the spread of the 
infection, in the belief that individuals 
might do well to build up an early 
immunity by experiencing the disease 
n childhood. In the course of 3 months 
62 of 114 estimated susceptibles con- 
tracted mumps; infection spread to | 
teacher and 10 parents; all of which 
nakes a real epidemic of mumps. The 
ircumstances scarcely provided a fair 
test. With mumps absent for 12 years, 
vhat happened is not unexpected. Ob-| 
ervations over a period of years begin- 
ing after a natural epidemic might 
ive led to other conclusions than that 
was not to be tried again. 

The course of mumps epidemics is \ 
iriable, and attack rates have a wide 
nge. More than the usual care, to- 
ether with adequate controls, 
eeded to interpret success or failure, 
control measures***. No great prom- 

provided by any of the available 
iministrative practices. An_ effective 
ecific prevention offers most in satis- 
ctory control of mumps where that 
socially and medically desirable. 
Specific Preventive Measures. The 
spect of improved specific preven- 
measures is a direct sequence of 
reased familiarity with the infec- 
us agent. Serums from patients 
ntly convalescent from mumps 

e been used for many vears in 

Ve protection, but with no method 

issaving the product or determining 

probable worth other than by clini- 
trial. As a consequence of mumps 

s being more readily available, and 

juantitv, there is now the additional 

nise of practical method for 

e immunization. 

ssive Protection. Little new evi- 

e has been introduced by which 

idge the effectiveness of convales- 

t serum in the prevention of mumps 

ng susceptible contacts. The posi- 

remains none too clear, although 
rience would indicate better re- 
in mumps than with some other 
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infections. Wesselhoeft'®? states con- 
valescent serum to have value in pre- 
venting an epidemic, but none in limit- 
ing an outbreak that is well underway, 
which is also the experience of 
Lyday*’. That, results sometimes con- 
flict seems to depend on variations in 
antibody titer from one lot of serum 
to another, and on differences in the 
amounts administered. The first factor 
is now amenable to measurement, for 
the content of antibodies can be deter- 
mined by a_ variety of serological 
methods. The greater promise would 
seem to rest, however, in gamma 
globulin fractions’? derived from con- 
valescent serum. Substitution of this 
product would also eliminate the possi- 
bility of outbreaks of serum hepatitis* 
which have followed use of native 
mumps convalescent serum and plasma. 

The well established opinion that 
convalescent serum is without value 
in limiting the frequency of orchitis 
or other complications of mumps when 
administered at the onset of parotitis. 
has been further corroborated*®; and 
likewise its ineffectiveness in the treat- 
ment of fully developed orchitis*'. 
Gamma globulin prepared from con- 
valescent serum appears to be an- 
other matter. Gellis, McGuinnes, and 
Peters** administered this preparation 
intramuscularly to patients with paro- 
titis of 24 hours or less, in amounts of 
20 ml. It was highly effective, in that 
the frequency of orchitis in treated 
patients was 7.8% and for controls 
27.4%. Gamma globulin prepared from 
pooled normal plasma and known to 
possess a high content of complement 
fixing antibodies for mumps**° was 
without demonstrable’ effect, even 
when given in much larger doses than 
those employed for fractions originat- 
ing from convalescent serum. 

Active Immunization. Successful ac- 
tive immunization of monkeys was 
brought about by Johnson and Good- 
through spraying the 
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nose and throat with virus-containing 
materials. The monkey is a relatively 
resistant host for mumps virus. Latent 
fol- 
lowed. Attempts actively to immunize 
man have followed two principal lines: 


infection and a_ solid immunity 


through use of inactivated virus*', and 
through inoculation of modified living 
virus**, The 


method suggested by 


Leineberg®™ of intracutaneous injection 


blood 


of defibrinated from 


with 


patients 
early scarcely appears 
practical or sate. 

\ successful vaccine against mumps 
would fill a clearly defined need. With 
mumps the mild infection that it is, a 
general program of immunization in 
childhood would likely never be sup- 
ported, nor indicated. Such a prepara- 
tion would find a place in the practice 
of preventive medicine as contrasted 
with public health, through selective 
use for children with other disease or 
living in situations where an attack 
of mumps would prejudice the general 
health. It would have a place in insti- 
tutions for children, where a protected 
environment often leads to long ab- 
sence of infection and the groundwork 
for sharp epidemics. An essential fea- 
ture of such a vaccine would be a long 
enduring immunity or a_ protection 
readily reinforced; otherwise, mumps 
would merely be postponed to a later 
and more dangerous age. The _princi- 
pal usefulness of a good mumps vac- 
cine would be in military practice or 
under similar situations where large 
numbers of young adults are quickly 
brought together. The ability to sort 
out susceptibles by skin test gives 
active immunization an added _prac- 
ticability. 

The first prophylactic mumps vac- 
31 was made with formaldehyde- 
treated from the parotids of 
infected monkeys. Introduced into 
normal monkeys, the preparation pro- 
duced no local swelling of the salivary 
glands, but did give rise to comple- 


cine 
virus 
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ment fixing antibodies, with a maxi 
mum titer on the eighteenth to thir 
tieth day 60% of 
animals had a slight but distinct resist 
ance to 
viable 


dav. Some vaccinated 


subsequent infection 


mumps virus. Evidence of in 
creased resistance and the presence ot 
complement fixing antibody did not 
always parallel each other. Clinica 
tests in human beings”? showed thx 
same slight but ineffective immuniza 
tion after repeated subcutaneous it 
jections of the formaldehyde-treate 
virus. 


With the 


mumps virus in the hen 


cultivation of 
Habel** 
prepared a vaccine by inactivating eg 
to ethe 
Mo 


immunized as 


successful 


material through exposure 


or to. ultraviolet irradiation. 


keys 


judged by absence of parotid swelling 


were successfully 
after test inoculation and by antibody 
response. The results of Beveridge and 
Lind*» were less impressive. 

Enders and his associates** have had 
results with a viabl 
After 25 serial pa 
sages in the embrvonated egg, mumps 
] 


encouraging 
mumps vaccine. 
virus lost its capacity to induce typic 
experimental parotitis in the monke 
duct 
but nevertheless retained its ability t 
Tested 6 to 14 
later, the vaccinated animal exhibit 
Furthermore, t! 
modified virus was no longer pat! 


when introduced by Stenson’s 


weeks 
| 


immunize. 


a solid resistance. 
genic for man when applied by spray- 
ing to buccal membranes 
Particular to th 
possibility of an immunization brought 


mucous 
attraction attaches 
about by so simple a_ procedure as 
spraving material into the mouth. That 
would be a welcome respite from the 
world of needles that a child, and his 
parents, now face. Field trials to deter 
mine the immunizing capacity of thes 
new preparations are now underwa\ 

The results that Habel has had with 
his inactivated egg virus vaccine**® ar 
presented here in advance of forinal 
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publication and by his permission**4, 


Immunization was generally through a 
single subcutaneous injection of vac- 
cine, although some few persons re- 
ceived a second dose. The efficiency of 
the procedure was measured by the 
response of vaccinated individuals in 
antibodies against the mumps virus; 
ind by the protection afforded groups 
of exposed vaccinated persons. As high 
or higher titers of neutralizing anti- 
hodies followed vaccination as after 
naturally acquired infection. In_ test 


groups numbering several thousand 
persons the frequency of mumps 
among controls was 3. times that 
among the vaccinated. The mumps 
that occurred within 3 weeks after 
vaccination was of normal severity, 
but thereafter was much modified as 
judged by clinical reaction, and fre- 
quency of complications. There was 
reason to believe that if a sufficient 
proportion of a population was vac- 
cinated in the course of an epidemic, 
the outbreak was effectively limited. 
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THE EpmeMioLocy oF HEMOLYTIC STREP 
rococcus. By ALvin F. Cospurn, M.D., and 
DonaLtp C. Younc, M.D., The Rheumatic 
Fever Research Inst., Northwestern Univ 
Pp. 229; 31 ills. Balt.: Williams & Wilkins, 
1949. Price, $4.00 

luis is a well-written and graphically 
illustrated book. There are 21 chapters each 
with its own summary, and the 22nd chapter 
which is a summary of the previous chapters. 
The Authors state that this book is a “report 
from ‘the field’. It makes no contributions to 
he fundamental knowledge of bacterial life 
or of human disease; nevertheless, it does 

ike facts available which no other period 
of American history has afforded.” The vari 
us points discussed in the book are too 


numerous to list in a review. The reader will 
find frequent mention of the Author's theory 
 communicability as one of the attributes 
of hemolytic streptococ: i Epidemiologists, 
public he alth workers, bacteriologists, ind 


thers interested in streptococci or airborne 
infection will find this book interesting and 
supplying much food for thought H. M 


SKELETAL TUBERCULOSIS. By VICENTE SAN 
cHis-OLMos, M.D Translated from the 
Spanish by G. Kunns, M.D. Foreword 
by Frank R. Oper, M.D. Pp. 261; 104 ills 
Balt Williams & Wilkins, 1948. Price 
59.00 

Tris book is based largely on the author's 
extensive expe nience in his native Spain, as 
well as on case reports gathered during his 
stay in the United States Emphasis is placed 
on the new or little known, rather than 
exhaustive completeness Nevertheless, all 
important aspects of skeletal tuberculosis are 
presented, in a thesis well knit by convincing 
doctrinal concepts. The book appears to 
suffer not at all in translation. 

The first section, approximately the 
book, is a general discussion that covers 
pathology, etiology, symptomatology, diag- 
nosis and treatment. The remainder is con 
cerned with tuberculosis of special regions of 
the skeleton, such as the skull, ribs and 
sternum, knee joint and elbow joint. There 
are many good illustrations, most of them 
roentgenograms, a few charts and_photo- 
graphs. A bibliography of several hundred 
references, approximately a third of them in 
English, is appended 
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BOOK REVIEWS 


AND NOTICES 


NEW BOOKS 


Die Ermittlung des Erregungsablaufs in 
ungeschddigten und geschidigten Herzen 
durch Analyse des Elektrokardiogramms 
und des Vektorgiagramms. Von Loruat 
Wenpt. Pp. 84; 29 ills. Berlin: Akademi 


Verlag, 1949. Price, 12.50 D.M 


~ 


‘onference on Metabolic Aspects of Conva 
lescence. Edited by Epwarp C. RErren 
STEIN, JR., M.D. Trans. of 16th and 17tl 
Meetings, October, 1947, March, 1948. Pp A 
168 and 246. Illustrated. New York: Josial 


Macy, Jr. Foundation. Price, $3.00 and 


$4.00, respectively 
Problems of Early Infancy. Edited by Mu 

ron J. E. Senn, M.D. Transactions of the 1 

2nd Conterence March, 1948 Pp 120 

Illustrated. New York: Josiah Macy, Jr 

Foundation. Price, $1.00 L 


NEW EDITIONS 


C 
\{ Dictionary of Scientific Terms. By I. 1} 
HENDERSON, and W. D. HeNperson. Re 
vised by Joun H. Kennetu, M.A., Ph.D 1 
F.R.S.E. 4th ed. Pp. 480. Edinburgh an 
London Oliver ind Bovd 1949 Price 32 ( 
$6.40 
Tuovucu 2000 terms have been added in tl 
edition the le re te maintain in acceptal ] 
format and tvy raphy” has blocked plans for 
considerable expar n. However with the w 
range of subiect this in inv case would ha é 
been inadequat To the Reviewer it would ha 
been wiser t have eliminated items of hum 
anatomy, embryology ind so on. which are 
fully covered in several excellent medical d 
tionaries, and thus permit a more adequate tr f 
ment of botar 1 und zoological terms E.K 
" 


Cardiovascular Disease in General Practi 
By TERENCE East, M.A., D.M., F.R.C.I 
King’s College Hospit il, London. 3d 
Pp. 208; 34 ills. Phila Blakiston, 194 
Price, $4.00 


“THERE is a good deal of new material in t 
ections on heart failure, and its treatment 
on coronary occlusion, hypertension, thyrot 
cosis, congenital defects, pulmonary disorders 
peripheral failure.”” (From Preface 
The Complete Pediatrician. By W. C. Da 


son, Prof. of Pediatrics. 6th ed. Pp. 2° 
Durham, N. C.: Duke University Pre 
1949. Price, $4.75. 

THIs compendium of useful information is 
brought up to date It is deservedly popular 
ready reference for the thousands of facts ¢ 
tial to the thorough practice of pediatrics. I. W 
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